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ABSTRACT
The absorption, translocation and metabolism of ^C-4-chloro- 
5-(dimethylamino)-2-(alpha, alpha, alpha-trifluoro-m-tolyl)-3(2H)- 
pyridazinone (San 6706)and ^^C-4-chloro-5-(methylamino)-2-(alpha, 
alpha, alpha-trifluoro-m-tolyl)-3(2H)-pyridazinone (San 9789) by 
cotton (Gossypium hirsutum L. var. Coker 203), corn (Zea mays L. var. 
WF 9) and soybean (Glycine max L. Merr, var. Lee) were investigated. 
For treatment times of 24, 48 and 96 hr it was found that soybean 
(moderately susceptible) absorbed more of the herbicides than did 
cotton (tolerant), whereas both soybean and cotton absorbed greater 
amounts of San 6706 and San 9789 than did corn (very susceptible).
Radioautographic, microradioautographic and combustion tech­
niques showed that the majority of the radioactivity absorbed by the 
cotton plant was retained in the roots. Much of the limited quantity 
of the herbicides translocated to the cotton shoots was found con­
centrated in the lysigenous glands of the stem and leaves. This 
accumulation was postulated to reduce the amount of the pyridazinone 
herbicides reaching the photosynthetic tissues of the leaves, which is 
the site of action of these herbicides. Significantly greater quanti­
ties of radioactivity were translocated to the shoots of the sus­
ceptible corn and soybean plants than to the shoots of the tolerant 
cotton plants. Thus, absorption and translocation appear to be major 
factors in determining the tolerance of these species to San 6706 or 
San 9789.
ix
Degradation of San 6706 and San 9789 did not appear to signifi­
cantly influence the relative tolerances of the three species. Tolerant 
cotton mediated only limited breakdown of the herbicides, while the two 
susceptible species were able to rapidly metabolize the compounds by 
the process of N-demethylation. The degradation of San 6706 by corn 
and soybean did not represent a detoxification mechanism since the 
primary degradation product formed (i.e. San 9789) proved to have a 
greater phytotoxicity than San 6706.
x
INTRODUCTION
The herbicidal properties of the pyridazinone group of herbicides 
were first reported by Fisher (11) in 1962 with his discovery that 5- 
amino-4-chloro-2-phenyl-3-(2H)-pyridazinone (pyrazon) selectively 
controlled weeds among members of the genus Beta. Extensive field 
experiments in Europe and North America confirmed these findings, and 
pyrazon became an important herbicide in the production of sugarbeets 
(Beta vulgaris L.) (13, 19, 36, 51). In succeeding years a number 
of new herbicides having the same basic molecular structure as pyrazon 
have been tested (37). The most recently developed, and perhaps most 
promising, members of this group are 4-chloro-5-(dimethylamino)-2- 
(alpha, alpha, alpha-trifluoro-m-tolyl)-3-(2H)-pyridazinone (San 6 7 06) and
4-chloro-5-(methylamino)-2- (alpha, alpha, alpha-trifluoro-m-tolyl)-3(2H)- 
pyridazinone (San 9789), which were discovered by Sandoz Ltd., of 
Switzerland in 1968. These herbicides differ from pyrazon and other 
previously introduced pyridazinones in that they have a trifluoromethyl 
substitution on the phenyl ring, and dimethyl or methyl substitution on 
the amine group. These substitutions give San 6706 and San 9789 a 
second mode of action involving interference with chloroplast development, 
in addition to the basic photosynthetic inhibiting action of pyrazon.
As a result, San 6706 and San 9789 exhibit a wide range of phyto­
toxicity against many broadleaf and grass weeds, including the nutsedges. 
They appear to by promising preemergence herbicides for use in cotton 
(Gossypium hirsutum L.) production since cotton is the major annual 
crop which is tolerant to them.
This investigation was, therefore, initiated to study the 
absorption, translocation and metabolism of San 6706 and San 9789 by 
resistant and susceptible species, in order to determine the basis for 
the observed selectivity of the herbicides. Such information should 
contribute to the intelligent utilization of these herbicides.
LITERATURE REVIEW
San 6706
San-6706 (4-chloro-5-(dimethylamino)-2-(alpha, alpha, alpha- 
trifluoro-m-tolyl)-3(2H)-pyridazinone) was introduced by the Agrochemical 
Department of Sandoz-Wander Corporation of Switzerland. The active 
compound is a fluorinated pyridazinone with the structural formula 
shown in Figure 1. It is a colorless, odorless, crystalline compound, 
with a molecular weight of 317.7 and a melting point of 151-153°C. It 
has a low vapor pressure of 1 x 10" mm of Hg at 40°C and a low water 
solubility of only 10.5 ppm at 25°C. It is readily soluble in acetone 
and most other organic solvents. The acute oral LD^^ of San 6706 to 
white rats is 1200 mg/kg (2).
San 6706 is formulated as light beige-colored wettable powder, 
containing 80% active ingredient, which disperses and suspends readily 
in water. It is intended for use as a preemergence herbicide for the 
control of a wide range of grass and broadleaf weeds. Rates of soil 
application for selective weed control range from 0.5 lb ai/A on light 
sandy soils to 4.0 lb ai/A on heavy clay soils. Applied preemergence,
San 6706 appears to be truely selective for cotton, with some varieties 
of such crops as soybean, carrots, flax and snapbeans, showing a degree 
of tolerance. Most monocots, such as wheat, corn and oats, are very 
susceptible. In addition, many broadleaf crops such as sugarbeets, 
potatoes, strawberries and sweetpotatoes show little tolerance. 
Postemergence applications of San 6706 does not provide satisfactory 
weed control and is tolerated by very few crops.
4Figure 1. The structural formulae of pyrazon, San 6206 and
San 9789,three phytotoxic substituted pyridazinones.
/~ A _
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5-amino-4-chloro-2-phenyl-3(2H)-pyridazinone.
/  \ _  / SAN 6706
0 Cl
4-chloro-5- (dimethylamino) -2- (©^©^c^-trif luoro-m-tolyl) ■
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CH,
H
SAN 9789
4-chloro-5 - (methylamino)-2 trifluoro-m-1oly 1) -
3-(2H)-pyridzainone.
5San 9789
San 9789 (4-chloro-5-(methylamino)-2-(alpha, alpha, alpha- 
trif luoro-m-tolyl)- 3 (2H)-pryidazinone) is the monomethyl analogue of 
San 6706 (Figure 1). San 9789, which is sold as an 80% WP formulation 
under the trade name Zorial, has a molecular weight of 303.67 and a 
melting point of 177°C. The compound has a water solubility of 40 ppm, 
which is approximately four times that of San 6706. It is readily 
soluble in organic solvents such as acteone and ethanol. San 9789 
can be considered to be essentially non-toxic to mammals with the 
acute oral for rats and rabbits being greater than 10,000 mg/kg.
As with San 6706, cotton is the major annual crop which is 
tolerant. Few other annual crops show any tolerance to the herbicide. 
Applied either as a preplant or preemergence treatment at rates of 
0.25 to 1.5 lb ai/A, San 9789 provides good control of many annual 
grass and broadleaf weeds in cotton. It has also exhibited satisfactory 
control of such problem weeds as yellow and purple nutsedge.
Absorption and Translocation
The pyridazinones are a relatively new group of herbicides (11). 
The majority of the studies dealing with the behavior of this group in 
plants and soils have been conducted with pyrazon, which was the first 
pyridazinone herbicide to be developed.
Stephenson and Ries (42) were the first to study the absorption 
and translocation of pyrazon in resistant and tolerant species. They
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applied H-pyrazon to the roots and shoots of seedlings of red beet 
(tolerant), millet (moderately tolerant) and tomato (susceptible).
In the root application studies, the greatest absorption and
translocation to the shoot was observed in tomato, the least in red 
beet, while millet was intermediate. Applications to the first true 
leaf indicated that pyrazon was absorbed by the foliage of all three 
species but that it was not transported basipetally. These studies 
led the authors to conclude that pyrazon was transported primarily in 
the xylem. Frank and Switzer (16) reported that ^H-pyrazon was absorbed 
by the roots of both common lambsquarters (susceptible) and sugar beets 
(tolerant), and that it was translocated in an acropetal direction 
to all parts of the plants. However, common lambsquarters plants 
accumulated greater amounts of the herbicide per gram of tissue than 
did sugar beet plants, this being especially true of the leaf tissues. 
Translocation into the leaves of both species was found to occur 
equally into mature and developing leaves. The authors reported that 
neither basipetal nor acropetal translocation of pyrazon occurred 
following leaf applications of ^H-pyrazon. This indicated that 
translocation was restricted primarily to the xylem.
The limited information available on the absorption and trans­
location of San 6706 and San 9789 (22, 46) indicates that the herbicides 
are absorbed by the roots of both susceptible and resistant species. 
However, while there is a rapid translocation of these compounds into 
the shoots of susceptible plants such as corn and barley (22), the 
majority of the herbicides appears to be retained in the roots of the 
resistant cotton plant (46).
Toxicity Symptoms
Reports of the herbicidal activity of pyrazon listed growth 
retardation followed by chlorosis, necrosis and wilting as being typical 
toxicity symptoms (15, 34). The nature and intensity of the symptoms 
expressed varied with the rate of application of the herbicide, the 
age and species of plant, and the environmental conditions. Rodebush 
and Anderson (34) reported that in beans (Phaseolus vulgaris L.) the 
symptom severity, as well as the length of time before symptoms 
appeared, was dependent on concentration and duration of exposure to 
pyrazon. The first symptom observed was a light yellowing of the 
margins of unifoliate leaves. Unifoliate leaves then ceased to expand 
following the onset of chlorosis. Chlorosis later became more severe 
and progressed inward between the large lateral veins. Following 
severe chlorosis, the leaf margins became nacrotic and rolled abaxially. 
Cellular collapse followed the severe chlorosis. Epidermal collapse 
generally preceded mesophyll collapse and progressed from the leaf 
margins inward.
The first reports on the herbicidal action of San 6706 indicated 
that the initial visible symptom of 6706 toxicity to plants is unlike 
that of pyrazon and is strikingly similar to one of those associated 
with the phytotoxicity of 3-amino-s-triazole (amitrole) and 3,4- 
dichlorobenzyl methylcarbamate (dichlormate) (3, 32). New foliage 
produced after treatment with San 6706, dichlormate, or amitrole is 
either a bleached white or anthocyanin red as determined by species 
capacities for anthocyanin production (22). Bartels and Hyde (3) 
showed that light was necessary for San 6706 to produce the bleached 
condition in plants. San 6706-treated plants grown under 1 ft-c
light for a period of six days were found to contain 707, as much 
chlorophyll as the controls, whereas plants grown at 1500 ft-c for 
the same time period contained only 27o as much chlorophyll as the 
controls. These symptoms led Hilton et al. (22) to propose that San 
6706 possessed a unique second mode of action, in addition to that of 
a photosynthetic inhibitor which had been estabilshed by earlier 
studies (21, 30) to be a mode of action of the substituted pyridazinone 
herbicides.
Mode of Action
The mode of action of pyrazon and other herbicides of the sub­
stituted pyridazinone group has been shown to be one of photosynthetic 
inhibition (10, 21, 30, 32). Van Oorschot (32) reported that the 
application of 2 x 10“5m pyrazon to oats (susceptible) and sugarbeet 
(tolerant) resulted in a decrease in the rate of CO2 uptake by both 
species. The CO2 uptake by oats decreased more sharply than that of 
sugarbeet. Removal of pyrazon from sugarbeet resulted in an immediate 
recovery of CO2 uptake, while uptake by oats first decreased after 
removal of the 2 x 10 \  pyrazon, followed later by a gradual increase 
in uptake. Eshel (10) described the effects of pyrazon on the rate of 
photosynthesis of various species. His data showed a strong inhibition 
of photosynthesis by pyrazon for all species tested. Species did not 
vary greatly in their response, and for most a 507. reduction was obtained 
with a concentration of approximately 5 x 10“-*M. Photosynthesis of 
sugarbeet was reduced to 507> by a pyrazon concentration of 7.5 x 10“^M. 
Sugarbeet was thus found to be less affected than susceptible plants;
however, the relatively small difference appeared to only partially 
account for the tolerance of beet to pyrazon which had been observed 
in the field.
The mode of action of several pyridazinone herbicides, including 
pyrazon and San 6706, was investigated by Hilton et a_l. (22). The 
pyridazinones were compared to atrazine, dichlormate and amitrole for:
(i) their effect on CO2 fixation, (ii) sucrose protection of plant 
growth, and (iii) their effect on leaf pigments. The four substituted 
pyridazinone compounds studied were observed to inhibit the Hill reaction 
and photosynthesis in barley (Hordeum vulgare L.). Data from three 
experimental systems established that the pyridazinone herbicides can 
act herbicidally by direct inhibition of one or more steps of the 
photosynthetic process. Pyrazon and San 6706 were shown to be strong 
inhibitors of the photolysis of water by isolated barley chloroplasts. 
These herbicides inhibited iii vivo photosynthetic CO2 fixation by 
barley seedlings within a few hours of their application to the roots.
The results obtained with pyrazon and San 6706 were qualitatively 
similar to those obtained with atrazine, but were totally unlike those 
of dichlormate and amitrole. Dichlormate and amitrole (weak inhibitors 
of the Hill reaction) were slow to inhibit CO2 fixation after application 
to roots of seedlings. The inhibition of CO2 fixation by these two 
herbicides usually appeared at approximately the same time as the
appearance of chlorosis indicating thatthe effect of the herbicides on 
photosynthesis is principally indirect. In contrast, pyrazon, atrazine 
and San 6706 were observed to have a very rapid effect on the rate of 
CO2 fixation, indicating that they inhibit the photosynthetic process 
directly. The total inhibition of growth by these three herbicides 
which act as direct inhibitors of photosynthesis was circumvented by
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supplying the treated plants with a continuous source of carbohydrate.
No comparable protection could be demonstrated for dichlormate or 
amitrole.
Atrazine, one of the most active of the known inhibitors of the 
Hill reaction, was found to have approximately a tenfold greater 
phytotoxicity than the pyridazinone herbicides. These differences 
were attributed to the more rapid translocation of atrazine to the 
shoots rather than to differences in the rate of detoxification of the 
herbicides.
These data indicated that the addition of the trifluromethyl 
group and the two N-methyl groups to the pyrazon molecule, i.e. the 
formation of San 6706 (Figure 1), did not appreciably alter the 
toxicity of the basic pyridazinone moiety to the photosynthetic process, 
since pyrazon and San 6706 were almost equally effective in inhibiting 
photosynthesis. However, the substitutions contributed additional 
herbicidal effectiveness. Barley seedlings treated with San 6706 did 
not survive and recover as did those treated with a comparable concen­
tration of pyrazon. In addition, new growth produced after herbicidal 
treatment (supported either by exogenous sucrose or seed reserves) was 
normal on pyrazon-treated plants but totally lacking in chlorophyll on 
the San 6706-treated plants. Hilton et: al. (21) attributed this increased 
effectiveness to a resistance to metabolic degradation imparted by the 
two substitutions, and to a second mode of action involving an effect 
on pigment development. Van Oorschot (32) used a technique which 
involved observing recovery in photosynthetic rate after removal of the 
herbicide solution bathing the roots to demonstrate detoxification of 
pyrazon by five species. Hilton et £ l . (21) used this technique to
11
demonstrate that barley seedlings (susceptible), and even tolerant 
buckwheat and cotton seedlings, apparently did not detoxify San 6706. 
Similar studies with various analogs of San 6706 indicated that both 
substitutions were required to prevent detoxification.
The second mode of action of San 6706 was also investigated. 
Hilton £t al. (21) observed that the initial symptom of San 6706 
toxicity was unlike that of pyrazon but was strikingly similar to 
amitrole. They conducted studies which demonstrated that San 6706, 
dichlormate and amitrole behave alike in that they all reduce chloro- 
plastic pigments and enhance anthocyanin accumulation in those species 
which produce anthocyanin pigments. However, San 6706 was shown to 
be approximately 100 times more effective than dichlormate, and almost
1,000 times more effective than amitrole on each of the three plant 
species tested. Both the trifluoromethyl and dimethyl substitutions 
ware required to produce the effect of San 6706 on chlorophyll 
formation for, as was the case in the degradation studies, various 
analogs lacking either of the substitutions behaved more like pyrazon 
than San 6706.
Bartels and Hyde (3) studied the effects of San 6706 on chloro- 
plast development in wheat seedlings. They investigated the effect of 
the herbicide on the ultrastructure, ribosome and pigment composition 
of aberrant plastids of wheat seedlings which were grown in dark only, 
light only, or dark followed by light. The chlorophyll content of 
San 6706-treated seedlings was found to depend upon the light intensities 
under which the plants were grown. Under relatively high light intensity 
(1500 ft-c), the chlorophyll content was reduced 97%, and the seedlings 
appeared red, indicating the presence of only anthocyanin pigments. In
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contrast, treated seedlings grown at 1 ft-c for 6 days were a blue- 
green color and contained 607, as much chlorophyll as did the controls. 
When these plants were exposed to 1500 ft-c of light for 12 hr they 
they lost 807, of their original chlorophyll, while control plants 
accumulated three times more chlorophyll than they originally had.
The chlorophyll content of San 6706-treated, dark grown plants was 
determined by the light intensity to which they were subjected following 
the 6-day dark period. If they were exposed to 1 ft-c of light for 
12 hr, the seedlings became green and accumulated about 707, as much 
chlorophyll as the controls, while those illuminated with 1500 ft-c 
of light failed to increase in chlorophyll content.
The carotenoid pigments of the San 6706-treated seedlings were 
found to be virtually absent, irrespective of whether the plants were 
grown at high or low light intensities, or in darkness, indicating that 
San 6076 inhibited the synthesis and the accumulation of carotenoid 
pigments. In addition, the influence of San 6706 on the ribosomal 
composition of wheat seedlings grown under 1500 ft-c of light was 
determined to be identical to that of amitrole. The San 6706-treated 
plants contained only 80 S ribosomes, while ribosomal preparations 
from control plants contained two peaks with sedimentation coefficients 
of 70 S and 80 S, representing chloroplastic and cytoplasmic ribosomes, 
respectively (5). Treated seedlings grown for 6 days at 1 ft-c of 
light contained both 70 S and 80 S ribosomes, although there was a 
slight reduction of the 70 S ribosomes as compared to the controls. The 
exposure of these plants to a light intensity of 1500 ft-c for 12 hr 
resulted in a disappearance of the 70 S ribosomes while the 80 S 
remained.
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In contrast, both San 6706 and control plants which were grown 
in the dark were found to have identical ribosomal compositions and 
ratios of 70 S and 80 S ribosomes. This indicated that San 6706 did 
not affect the synthesis or accumulation of 70 S ribosomes in the 
dark. Illumination of these dark-grown plants with 1500 ft-c of light 
resulted in a rapid reduction and eventual loss of the 70 S chloroplast 
ribosomes in the San 6706“treated plants. However, when the dark-grown 
plants were illuminated with low light intensities of 1 ft-c for up 
to 12 hr, the 70 S ribosomes were not reduced and the 80 S to 70 S ratio 
was the same as that of the controls. Any increase in light intensity 
resulted in a corresponding decrease in the level of 70 S ribosomes.
These results led Bartels and Hyde (3) to conclude that San 6706 
in conjunction with light causes a rapid destruction of 70 S ribosomes. 
Either San 6706 or high light intensity alone did not result in a 
destruction of the 70 S ribosomes. These investigators proposed that 
the mode of action of San 6706 on chloroplast development involves 
an inhibition of carotenoid synthesis or accumulation. Their data 
supported this explanation since all San 6706-treated seedlings lacked 
carotenoid pigments, regardless of whether they were grown in the dark, 
dim light or high light intensities. Chlorophyll pigments, however, 
were present at low light intensities but were destroyed as the light 
intensity was increased.
Several workers (1, 48) have reported that the carotenoid 
pigments act as chemical buffers to protect the chloroplast and 
chlorophyll pigments from photodestruction. Other investigators (7, 29) 
have reported that mutant plants deficient in or lacking chloroplast 
pigments also lack 70 S ribosomes, as was the case for San 6706-treated
plants (3). Chlorophyll pigments thus appear to be extremely suscep­
tible to photooxidation in the absence of carotenoid pigments. These 
chorophyll pigments may be converted to highly reactive molecular 
species which then react with or destroy other chloroplast components, 
such as 70 S ribosomes and thylakoids (3), and chloroplast DNA (28).
An additional or alternate mode of action of San 6706 has recently 
been proposed by Hilton et: al. (23). This hypothesis suggests that 
San 6706 acts by inhibiting the utilization of lipids for the formation 
of lamellar membranes or other structural components of chloroplasts.
The results of several experiments indicated that San 6706 induced 
a change in the linoleic-linolenic acid ratio in barley seedlings 
from 0.5 in untreated tissue to between 1.0 and 2.0 in treated tissue. 
This effect was circumvented by tocopherol acetate, provided that it 
was available to the foliar tissue at the time of chloroplast develop­
ment. The ratio of linoleic and linolenic acids in etiolated leaf 
chloroplast lipid was similar to that induced by San 6706. Recent 
work with unsaturated 18-carbon fatty acid ratios suggests that 
linolenic acid is derived from linoleic acid (47). The data of Hilton 
eit al.(23) supports this hypothesis, since in both studies an increase 
in linoleic acid accompanied any decrease in linolenic acid.
The final light-mediated maturation process of chloroplast 
development results in marked changes in lamellar lipids. These changes 
include simultaneous large increases in chlorophyll and galactolipids 
which are high in linolenic acid esters (4, 23, 26). Linolenic acid 
has been reported to be the major fatty acid constituent of the 
structural lipids of chloroplast lamellae (4, 31), accounting for up to 
967o of the total fatty acid esters in the galactolipids of some plants.
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Hilton e_t al. (23) thus concluded that the reduced levels of linolenic 
acid and the accompanying increase in linoleic acid observed in their 
experiments, indicated that a major effect of San 6706 is an inhibition 
of light-mediated increase of the galactolipids required for lamellar 
structure during chloroplast maturation. These authors suggested that 
the effect of San 6706 on carotenoid synthesis, as reported by Bartels 
and Hyde (3), may be only one of several consequences of an inhibition 
affecting other chloroplast lipid constituents.
Thus,at the present time, the modes of action of San 6706 are 
thought to be (i) an inhibition of the Hill reaction of photosynthesis, 
and (ii) an inhibition of chloroplast development, due to an inhibition 
of the utilization of lipids for formation of lamellar membranes or 
other structural components of chloroplasts, and/or an inhibition of 
carotenoid synthesis.
Metabolism
(a) In Plants:
Fisher (12) first reported that pyrazon was metabolized by 
plants. He isolated 4-amino-5-chloro-6-pyridazinone as a possible 
breakdown product of pyrazon in both soil and plants. Stephenson and 
Ries (42) applied pyrazon labeled with tritium in the phenyl ring to 
both roots and shoots of seedlings of sugarbeet (tolerant), German 
millet (moderately susceptible), and tomato (susceptible). A radio­
active metabolite of ^H-pyrazon was detected in the shoots of sugarbeet, 
but not in the other two species. Since the metabolite was radio­
active its structure had to include the phenyl ring, which contained 
the label in the parent compound. This metabolite was obviously
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different from that reported by Fischer (12) since the latter lacks the 
phenyl ring. T.n a later paper Rios et al. (33) used metabolite hydrolysis, 
thin layer and gas chromatography, and mass spectroscopy to establish 
the identity of the metabolite produced by sugarbeet as N-2-chloro-
4-phenyl-3-(2H)-pyridazinone glucosamine (N-glucosyl pyrazon). Frank 
and Switzer (16) observed that pyrazon accumulations rapidly disappeared 
from roots, petioles and leaves of sugarbeets. In the corresponding 
parts of common lambsquarters (susceptible) pyrazon disappeared as 
rapidly from the roots but only one eighth as rapidly from the shoots. 
Stephenson and Ries (43) studied the disappearance of pyrazon and the 
appearance of metabolites in the shoots of sugarbeets treated with 
double labeled-pyrazon, i.e. and l^C-labeled. Pyrazon was applied 
to the soil and the experiment was conducted for 16 weeks. Thin- 
layer chromatography of the shoot extracts revealed the presence of 
three metabolites in the plants. By co-chromatography with known 
pyrazon derivatives and by comparison of the labeling (C-14, H-3, or 
both) the metabolites were identified as N-glucosyl pyrazon, 5-amino-4- 
chloro-3 (2H)-pyridazinone (ACP), and an ACP-complex. The other 
moiety in the ACP-complex was not identified. The ACP metabolite 
was the same one previously reported by Fischer (12). However,
Stephenson and Ries (43) reported that ACP was detectable in the soil 
two weeks prior to its appearance in the shoots, and suggested that 
it may have been absorbed from the soil.
There is one report in the literature of studies concerning 
the metabolism of San 6706 in plants. Hilton et aL. (22) observed the 
recovery in the photosynthetic rate of several susceptible and tolerant 
crops after removal of the San 6706 treatment solution bathing the roots.
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None of the treated species showed a recovery from the inhibition of 
photosynthesis after removal of the herbicide solution, even at 
herbicide concentrations as low as 10”^M, a concentration which was not 
inhibitory in vitro. These workers concluded that even relatively 
tolerant species do not detoxify San 6706 appreciably by metabolism 
of the herbicide.
(b) In Soil:
The earliest work on the metabolism of pyrazon in soil was 
conducted by Fischer (12). He reported the rapid degradation of pyrazon 
to 5-amino-4-chloro-3(2H)-pyridazinone (ACP) in soil. Frank and Switzer 
(14) studied the disappearance of pyrazon from soil. Brassica species 
was used for bioassay purposes, and spectrophotometry and thin layer 
chromatography were used for chemical analyses. Their study showed 
that the loss of pyrazon from soil appeared to be an exponential 
function of time, characteristic of the activity of soil microorganisms. 
Non-biological losses appeared to be negligible since the leaching 
of pyrazon was limited, with the majority of the herbicide remaining 
in the top three inches of soil after the equivalent of two inches of 
continuous rainfall. Smith and Meggitt (39, 40) studied the movement, 
persistence and degradation of pyrazon in soil, under field conditions. 
These workers also reported that leaching did not appear to be an 
important factor in the disappearance of pyrazon from soil. Pyrazon 
was retained primarily in the upper 5 cm of soil, with absorption being 
positively correlated with soil organic matter rather than clay content. 
Similar results were reported by other workers (9). Smith and Meggitt 
(40) reported that pyrazon was dephenylated in soil to ACP. The 
bacterial population of the soil increased with the presence of pyrazon,
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indicating a wide capability of microbial utilization of the herbicide 
in soil. There were no indications that bacteria or nctinomycetes 
were adversely affected by pyrazon. Stephenson and Ries (43) also 
studied the metabolism of pyrazon in soil. Their results were similar 
to those of other investigators in that the only metabolite identified 
in soil after 16 weeks was ACP. Froehner et £^.(17) also reported 
formation of the dephenylated compound (ACP) in pyrazon-treated soil. 
These workers tentatively identified the primary bacterium responsible 
for this degradation as belonging to the genus Achromobacter.
There are no reports in the literature on the behavior of San 
6706 or San 9789 in the soil. Unpublished data by Rogers (35) indicate 
that both San 6706 and San 9789 are relatively persistent in soil and 
that they are not readily leached into the soil.
Basis of Selectivity
Fischer (12) was the first investigator to propose a basis of 
selectivity for pyrazon among resistant and susceptible species. He 
reported in 1964 that tolerant sugarbeet was able to degrade pyrazon 
to 5-amino-4-chloro-pyridazinone. He concluded that the tolerance of 
the bdet plant to pyrazon is a result of its ability to mediate this 
degradation, based on his observation that the alteration or removal 
of either the phenyl or amino group resulted in a marked decrease in 
the phytotoxicity of the herbicide. Van Oorschott (32) reported in 
1965 that sugarbeet was able to inactivate pyrazon to a much greater 
degree than other plant species. Stephenson and Ries (42) and Ries 
et al.(33) failed to find the metabolite proposed by Fischer (12) and 
postulated that the tolerance of sugarbeet was due to the metabolic
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conversion of pyrazon to N-glucosyl pyrazon, an inactive conjugate.
These workers hypothesized that pyrazon was phytotoxic when a sufficient 
amount of the unaltered chemical concentrated at the site of herbicidal 
action in the shoot. More recent work by Frank and Switzer (15, 16) 
and Eshel (10), supports this hypothesis. These studies indicate that 
the rapid rate of absorption and translocation of pyrazon occuring in 
susceptible species, accompanied by the slow rate of disappearance from 
the tissue, result in an increasing accumulation that eventually 
produces a phytotoxic effect. The tolerance of sugarbeet is due to its 
greater capacity to maintain the level of pyrazon in its tissues at 
subtoxic levels, by virtue of its rapid inactivation of pyrazon coupled 
with a slower rate of translocation to the shoots.
Only limited data are available which suggest a basis for the 
selectivity of San 6706. Hilton ejt al. (22) reported that San 6706 
appeared to be resistant to metabolic breakdown, even in tolerant 
species such as cotton. Their results also indicated that in cotton 
the uptake or movement of San 6706 to its site of action appeared 
limited, since CO2 fixation was not effectively inhibited in the cotyle- 
donary leaves even 4 days after root treatment. More recent work by 
Hilton et al. (23) has shown that certain lipids can exert a protective 
action against San 6706 activity. This evidence raises the possibility 
that the selectivity of San 6706 may in part be associated with a high 
lipid content in tolerant species.
III. MATERIALS AND METHODS
Cotton (Gossyplum hlrsutum L. var. Coker 203), corn (Zea mays var. 
WF9) and soybean (Glycine max L. Merr. var. Lee) were used as test 
plants in this investigation. Preliminary experiments and small field- 
plot observations had indicated that these species were resistant, very 
susceptible and moderately susceptible, respectively, to San 6706 and 
San 9789.
The investigation was divided into three major areas. A study was 
made of the absorption, translocation and metabolism of San 6706 by the 
three plants species. A similar study was made on the absorption and 
translocation of San 6706 and San 9789 for each of the plant species.
Plants for the experiments were germinated in flats of vermiculite 
which were watered daily with Hoagland and Arnon's (24) No. 2 nutrient 
solution. When the plants were 7 to 10 days old they were transferred to 
half-strength nutrient solution for a 3-day equilibration period.
Uniform plants were then selected and transferred to 1-pint plastic pots 
filled with 300 ml of aerated half-strength nutrient solution which con­
tained a known concentration of the radiolabeled herbicide. The plastic 
pots were painted on the outside to exclude light from the plant roots.
The experiments were conducted in a growth chamber programmed for a 14
o o
hr day at 30 C and a 10 hr night at 25 C. The light intensity at the
level of the plants was approximately 2,000 ft-c from a mixture of fluore­
scent and incandescent lamps.
The plants used in the absorption, trans loc at ion and metabolic 
studies were grown under the controlled conditions described. The 
herbicide in the San 6706 experiment was applied via the nutrient solution
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at a rate of 1.0 ppm w/v. In the San 9789 study and in the San 6706 vs 
San 9789 comparison study, the rate of application of the herbicides was 
0 .5 ppm.
The specific activity of the ^ C —  labeled herbicides was 9.46 
pc/mg for San 6706 and 11.43 pc/mg for San 9789. Both herbicides were 
labeled in the four carbons of the pyridazinone ring.
Treatment times of 1, 2 and 4 days were employed in all of the 
experiments with the exception of the San 6706 vs San 9789 comparison 
study for cotton, where an 8 -day treatment period was added. There were 
at least three replications per treatment with each replication consisting of 
four plants. Each experiment was repeated at least twice. The selection 
of the treatment times was determined largely by the sensitivity of corn 
and soybeans to the herbicides. Preliminary tests demonstrated that 
corn seedlings generally were killed after 4 to 6 days by a 1.0 ppm 
concentration of San 6706 in the treatment solution. Soybean seedlings 
lasted for 5 to 7 days at this concentration, while cotton plants toler­
ated this level of herbicide for up to 3 weeks before exhibiting severe 
toxicity symptoms.
Absorption
A measure of the amount of herbicide absorbed by each plant 
species in each experiment was obtained by measuring the loss of radio­
activity from the treatment solutions. This was accomplished by recording 
the volume and radioactivity of the treatment solutions upon the initia­
tion and termination of the treatments, and by determining the quantity 
of radioactivity used in replenishing the treatment solutions and that 
present in the water used to wash the plant roots after treatment. In
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preliminary experiments one pot, containing no plants, was carried for 
the duration of the treatments in order to estimate possible volatili­
zation losses. Such losses were found to be negligible and the deter­
minations were discontinued in later experiments.
At each of the treatment times the respective plants were removed 
from the treatment solutions and their roots washed in a known volume of 
distilled water. They were then washed in running tap water and weighted 
to determine their fresh weights. One hundred microliter samples of the 
treatment solution and also the root-wash solutions were placed in 15 ml 
volumes of an aqueous scintillation cocktail and radioassayed in a Beck­
man LS-250 liquid scintillation counter. The absorption data were 
expressed as micrograms (pg) of herbicide absorbed per gram of fresh 
plant tissue.
Trans location
(i) Radioautography:
The translocation patterns of the herbicides absorbed by each 
plant species were determined by obtaining gross radioautographs of one 
or more plants from each replication, using standard procedures (50).
The washed plants were blotted dry on paper towels, placed between two 
8 x 10 inch sheets of wire screen, quick-frozen with powdered dry-ice, 
freeze-dried in a Virtis Model 10-100 vacuum freeze-drier, and then 
exposed to Kodak No-SCREEN X-ray film for 4 weeks.
(ii) Combustion:
Localization of the absorbed herbicides within the plants was 
determined quantitatively by combusting 50 mg (dry weight) samples of 
the freeze-dried plants used to obtain gross radioautographs. The plants
23
were separated into root and shoot segments and run through a Wiley mill 
to pass a 40 mesh screen. The weighed samples were wrapped in black, ash- 
less paper and placed in Ni-Chrome wire baskets suspended by Ni-Chrome 
wire from a rubber stopper. The baskets were inserted into one liter 
vacuum flasks whose sidearms were capped with rubber balloons. The 
flasks were each flushed with oxygen for approximately 20 seconds and 
then tightly capped with rubber stoppers. Each flask was then placed in 
a Thomas-Ogg Oxygen Flask Infrared Igniter and the sample was ingnited 
by focusing the infrared beam onto the paper wick. After the combustion 
of the samples was completed the flasks were placed in an ice-water bath 
for 5 minutes. A CO2 trapping solution was then injected through the 
sidearm of the flask. In the initial studies a 2:1 ethanolamine: 
ethanol trapping solution was used. A known volume of the trapping solu­
tion was used. A known volume of the trapping solution was then added 
to an organic scintillation cocktail in a 20 ml scintillation vial and 
radioassayed. Due to problems of color quenching and also to a rela­
tively low CO2 trapping efficiency obtained with this trapping solution, 
a second trapping cocktail was substituted. This second solution was 
a combination CO2 trapping solution and scintillation cocktail, and 
consisted of phenethylamine (270 ml), methanol (270 ml), toluene (460 ml), 
PPO (5 g) and POPOP (100 mg) per liter. A 15 ml volume of the trapping 
cocktail was injected through the side arm of the flasks which were 
placed in an ice-water bath for a period of 20 to 30 minutes, with the 
cooling confined to the bottom inch of the flasks. At the end of the 
condensing period an additional 3ml of the trapping cocktail was delivered 
again thraugh the sidearm into the flasks to rinse in any radioactivity 
which may have been trapped in the solvent which wetted the sidearm and
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neck of the flasks initially. The flasks were then swirled to mix the 
contents and a 15 ml aliquot was removed from each and placed in a sample 
counting vial for radioassay.
The radioactivity present in each sample was calculated, and 
the data were expressed as micrograms of herbicide per gram (dry weight) 
of plant tissue, and also on a percentage basis of the total radioacti­
vity present in roots vs shoots. In making these calculations it was 
assumed that all of the radioactivity detected was present in the intact 
^C-herbicide.
(iii) Microradioautography:
A microradioautographic study of the translocation pattern and 
cellular localization of the radiolabeled herbicide was conducted with 
San 6706.
An extra replication of each treatment time for each crop species 
was included in the San 6706 study for microradioautographic purposes.
The technique used was that described by Strang and Rogers (44). The 
plants used were carefully washed in running tap water and were then 
separated into root, stem and leaf-blade segments. Three to 5-mm sec­
tions of each region were cut and then oriented in a slightly congealed 
57, gelatin mixture containing 3.57. glycerine jelly. The gelatin mixture 
was contained in 1.59 x 1.59 x 0.64 cm metal embedding molds. The 
embedding boats were cooled in an ice bath to set the gelatin matrix, 
which was then quick-frozen by immersion in isopentane containing 87. 
methylcyclohacane which had been cooled to approximately - 70°C in a 
dry ice-acetone mixture. The frozen gelatin blocks were removed from 
the embedding molds and stored on dry ice until they could be mounted on
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specimen holders for sectioning in a cryostat-microtome. Storage time 
prior to sectioning was kept to a minimum since recrystallization 
occurs, although very slowly even at these low temperatures, and 
within 3 days the cutting characteristics of stored blocks degenerates 
noticeably.
The specimens were sectioned at 10 to 12 p in a cryostat-micro­
tome at temperatures of - 15° to - 25°C. Roots appeared to section 
best at the upper end of this temperature range, stem tissue in the 
middle range, and leaf tissue at the lower temperatures. In sec­
tioning, a wire-loop antiroll attachment was used to obtain a flat, 
unwrinkled section and also to aid in mounting the frozen sections on 
the cold microscope slides. All of these operations were conducted 
within the freezing chamber of the cryostat.
The slides, with mounted specimens, were surrounded with pul­
verized dry ice to maintain them in a frozen state and then were 
freeze-dried under vacuum in a freeze-drier for a period of 12 to 18 
hr. After drying, the slides of both control and treated sections 
were dipped in Kodak NTB 2 nuclear track emulsion melted at 37°C.
This procedure was conducted in a darkroom illuminated by the recom­
mended dark-red safelight. After dipping, the slides were dried for 
12 to 18 hr in a horizontal position, in a ventilated dust-proof box. 
The slides then were stored at approximately 4°C with a silica-gel 
desiccant in sealed slide boxes which were wrapped in aluminum foil 
to exclude light. Low temperature storage was necessary to prevent 
a buildup in background (heat-fogging) which occurred at room temper­
ature. After an exposure period of 10 weeks the slides were developed 
for 2 min, rinsed in distilled water, fixed for 5 min, and then washed
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in distilled water. After drying in a dust-free atmosphere, the slides 
were examined under the light microscope. No staining of the sections 
was undertaken since some areas of localization of radioactivity, as 
evidenced by accumulations of silver grains, tended to be masked by 
the stains. Adequate cellular detail was seen by the adjustment of 
the diaphragm and focus of the microscope. In taking photographs 
of the microradioautographs, identical light intensities and film and 
and shutter speeds were used in all comparable check and treated sec­
tions. In the printing of the photographs, similar steps were taken 
to obtain pictures of equivalent density and contrast between compar­
able check and treated specimens.
Metabolism
The metabolism of San 6706 and San 9789 in the various plant 
species was determined by homogenizing the remaining three plants of each 
replication (usually 6 to 12 grans, depending upon age) with 100 ml of 
acetonitrile for a period of 15 minutes in a high speed Virtis blender. 
The homogenates were suction filtered through Whatman No. 1 filter 
paper and the residue reextracted twice, using 75 ml aliquots of acet­
onitrile. These high-speed, long-duration extractions were found to 
be essential for obtaining a high extraction efficiency. The total 
filtrate was concentrated to 25 ml and 100 pi samples were radioassayed 
to determine the total radioactivity extracted, and thus make possible 
the calculation of the extraction efficiency of the procedure.
The filtrates were then further concentrated to a 2 ml volume 
and known aliquots (50 or 100 pi) were spotted on 200 micron Silica 
Gel GF254 acc. to Stahl thin-layer chromatography plates. All of the 
time-treatments for a given replication of a.given plant species were
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spotted on a single plate. in addition to these 24, 48 and 96 hr 
treatments, on each plate was spotted the extract f r o m  a check (untreated 
plants), a check which was spiked with the intact labeled herbicide 
at the initiation of the extraction procedure, and also a combined 
standard which contained unlabeled probable metabolites. The spiked 
check served to determine whether any degradation of the intact 
herbicide occurred during the extraction procedure, while the synthesized 
possible metabolites served as reference standards in the identifica­
tion of degradation products.
Duplicate plates were developed in a 90:10 benzene:ethanol 
solvent system and a 95:5 chloroform:ethanol solvent system. These 
two solvent systems were selected from several tested in preliminary 
experiments, on the basis of their providing good separation and 
resolution of the various metabolites. After developing to a 
distance of 15 cm the plates were air-dried and then viewed under 
U.V. light (366 and 254 mfi wavelengths) to locate the relative 
positions of the reference compounds. The plates were then exposed 
to Kodak No-SCREEN X-ray film for 4 weeks to obtain autoradiographs.
The positions of the intact ^C-herbicides and their -^C-metabolites 
were located on the plates by comparing the chromatograms with the 
corresponding autoradiographs. The silica gel was removed from the 
plates in 2.0 x 2.0 cm segments and radioassayed in an aqueous 
scintillation cocktail in a Beckman LS-250 scintillation counter.
The relative quantities of radioactivity present in the various 
fractions were expressed as percentages of the total radioactivity 
removed from a given chromatogram.
IV. RESULTS AND DISCUSSION
San 6706 Experiment
Absorption
The data for the absorption of San 6706 by cotton, corn and 
soybean are presented in Table 1 and Figure 2.
Results of the San 6706 absorption study indicate that there is 
a significant increase in herbicide uptake with increases in treatment 
time for all species tested. The soybean plant was found to absorb 
more of the herbicide at all treatment times than either cotton or 
corn. Cotton absorbed more San 6706 at each treatment time than did 
corn. These differences were all significant at the 48 hr and 96 hr 
treatment times. At the 24 hr treatment time, the difference in 
uptake between soybean and cotton was not significant at the 5% level 
of probability. However, both cotton and soybean absorbed signifi­
cantly greater amounts of the herbicide than did corn at this treat­
ment time.
The observed differences in the absorption of San 6706 by the 
three species can only partially explain the observed differences in 
the susceptibility of these species to the herbicide. The signifi­
cantly higher absorption rate of soybean as compared to cotton at 48 
and 96 hr appears to be an important factor in explaining the greater 
susceptibility of soybean to San 6706. However, both cotton (tolerant) 
and soybean (moderately susceptible) were found to absorb significantly 
greater amounts of San 6706 than did corn (very susceptible) at all 
treatment periods.
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Table I. Absorption of l^C-San 6706 by Cotton, Corn and Soybean Plants 
Grown in 1.0 ppm Treatment Solutions.
pg of Herbicide Absorbed per Gram of Plant Fresh Weight.
Plant
Species 24 hr
Treatment Time* 
48 hr 96 hr
Cotton 5.40 be 10.17 d 15.12 f
Corn 3.21 a 4.82 b 8.97 d
Soybean 6.37 c 12.13 e 18.05 g
-'Means for treatment times which are followed by the same letter 
are not significantly different at the 5% level according to Duncan's 
new multiple range test.
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Figure 2. Absorption of ^ C - S a n  6706 from a 1.0 ppm Treatment Solution
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Trans location
(i) Radioautography:
The translocation patterns exhibited by cotton, corn and 
soybean are shown in Figures 3, 4 and 5, respectively.
In figure 3 the radioautographs obtained from the cotton plants 
are presented. The 24, 48 and 96 hr treatments are shown in frames 
(B), (C) and (D), respectively. The intact cotton plant corresponding 
to the 96 hr radioautograph is shown in frame (A) for comparative 
purposes. The radioautographs indicate that at all treatment times 
the majority of the herbicide is retained in the roots of the cotton 
plant. There appears to be only limited translocation to the stem 
after 48 hr (Figure 3 C) and only trace amounts were present in the 
leaves after 96 hr (Figure 3 D ) .
Figure 4 shows the radioautographs obtained from the root- 
treated corn plants. The herbicide and/or its metabolites appear to 
be readily translocated into the shoots of this susceptible species. 
After only 24 hr (Figure 4 B) a uniform labeling of the entire plant 
is apparent. Increasingly greater quantities of radioactivity, as 
evidenced by the greater densities of the images cast by the treated 
plants, were present at 48 and 96 hr, respectively. The greatest 
accumulations of radioactivity appeared to be present in the leaves 
of corn plants at these treatment times.
A similar distribution pattern to that of corn was noted in the 
soybean plant (Figure 5). Significant quantities of radioactivity 
were present in the soybean shoots after 24 hr with the amounts 
increasing rapidly with increasing treatment time.
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Figure 3. Distribution of radioactivity in cotton plants grown in
1.0 ppm -^C-San 6706 treatment solutions. (A) Cotton plant 
after 96 hr treatment. (B),(C),(D) Radioautographs of plants 
treated for 24, 48 and 96 hr; respectively.
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Figure 4. Distribution of radioactivity in corn plants grown in a
1.0 ppm C-San 6706 treatment solutions. (A) Corn plant 
after 98 hr treatment. (B),(C),(D) Radioautographs of 
plants treated for 24, 48 and 96 hi; respectively.
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Figure 5. Distribution of radioactivity in soybean plants grown in
1.0 ppm C-San 6706 treatment solutions. (A) Soybean plant 
after 96 hr treatment. (B),(C),(D) Radioautographs of plants 
treated for 24, 48 and 96 hr, respectively.
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The data from the gross autoradiographs indicate that there are 
very marked differences in the translocation pattern of San 6706 in 
tolerant cotton as compared to the more susceptible corn and soybean. 
These results have shown that at all treatment times the vast majority 
of the herbicide is retained in the roots of the cotton plant, with 
only very limited translocation into the shoots. In contrast, the 
data for corn and soybean indicate that in these susceptible species 
there occurs a rapid and significant translocation of much of the 
abosrbed radioactivity into the shoots.
(ii) Combustion:
Combustion of the plant material used to obtain the gross 
radioautographs was conducted to quantify the qualitative distribution 
data obtained in the radioautographic studies. In all of the experiments 
conducted, the greatest variation of data was encountered in the 
combustion studies. This was true both for within a given combustion 
experiment and also between different runs or replications of an 
experiment. This variation was obviously mainly due to the large 
number of variables encountered in the technique. However, in all 
cases, the same general trend was apparent and was reproduced in 
each replication of an experiment. The San 6706 combustion data, 
shown in Table 2, are presented in two forms, i. e. on the pg herbicide 
per gram of dry plant tissue basis, and on a percentage distribution 
of total absorbed radioactivity found in roots and shoots. The data 
generally substantiate what was observed from the radioautographs, 
namely that at all treatment times far greater quantities of radio­
activity were present in the roots of the cotton plant than were
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Table II. Distribution of Absorbed Radioactivity in Roots and Shoots of 
Cotton, Corn and Soybean Plants Grown ini ppm 14c-San 6706 
Treatment Solutions.
fig/g Dry Wt.a 7, of Absorbed Radioactivity 5^
Treatment Cotton Corn Soybean Cotton Corn Soybean
24 hr Root 69.0 28.2 73.8 96.2 64.3 31.2
24 hr Shoot 1.4 8.4 51.6 3.8 35.7 68.8
48 hr Root 109.5 44.0 112.4 88.4 49.2 31.6
48 Hr Shoot 3.5 20.9 111.2 11.6 50.8 68.4
96 hr Root 154.2 61.6 157.6 77.6 41.6 27.1
96 hr Shoot 11.4 45.1 121.8 22.4 58.4 72.9
aLSD at 5% level of probability = 11.8 pg/g. 
^LSD at 5% level of probability ■ 5.27o.
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present in the shoots. Also, the susceptible corn and soybean 
plants contained much greater concentrations of radioactivity in their 
shoots than were present in the shoots of cotton.
Analysis of the data indicates that for all three species 
there was a significant increase in the total radioactivity present 
at each successive treatment time. In the cotton plant this 
accumulation occurred almost exclusively in the roots. There was 
a statistically significant increase in the herbicide concentration in 
the roots as the treatment time increased from 24 to 96 hr. However, 
no statistically significant increase in the concentration of 
herbicide in the shoots of cotton could be demonstrated. For both 
corn and soybean a significant increase in herbicide concentration was 
observed in both the root and shoot tissues. At all treatment times 
the concentrations of herbicide in the roots of cotton and soybean 
were not significantly different, but were significantly greater than 
that present in the corn roots. At all times (with the exception of 
corn at 24 hr) the herbicide levels in the shoots of corn and soybean 
were significantly greater than that present in the cotton shoots. 
Similarly, the shoots of soybeans contained significantly higher levels 
of radioactivity than were present in the corn shoots, at every 
treatment time.
The combustion data, expressed on a percentage basis, showed 
that at all treatment times the majority of the radioactivity absorbed 
by the cotton plant was retained in the roots. Conversely, the 
majority of the radioactivity absorbed by corn and soybean was present 
in the shoots at all treatment times, with the exception of corn at 
24 hr. In both forms of data expression the soybean plant was found
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to have higher levels of radioactivity in the shoots than the slightly 
more susceptible corn species. While this difference can be partly 
accounted for on the basis of the greater absorption of the herbicide 
by soybean, differences in species morphology also appear to be 
important. Essentially all of the shoot growth of the corn plant, 
at this early stage of growth, consists of leaf tissue. In the 
soybean plant, however, possibly 507> or more of the shoot weight 
consists of stem and cotyledonary tissue. High levels of radioactivity 
in these tissues (Figure 5) can obviously result in elevated radio­
activity levels for the shoot data.
(iii) Microradioautography:
A microradioautographic study of San 6706 absorption and 
translocation was conducted to investigate the localization of the 
herbicide at a tissue and cellular level. The microradioautographs 
obtained from the 96 hr ^ C - S a n  6706 treated plants are shown in 
Figures 6 to 13.
The microradioautographs obtained from the roots of treated 
cotton plants are presented in Figure 6 B, C and D. Figure 6 A shows 
the root of an untreated plant for comparative purposes. Figure 6 B 
shows the microradioautograph of a young root. The epidermis appears 
to be an effective barrier restricting the entrance of the herbicide 
into the root. Large quantities of radioactivity appeared to be 
adsorbed or bound on the epidermis. Radioactivity was also noted in 
the walls of the cortical cells, suggesting that movement of any 
absorbed herbicide to the stele occurred primarily in the apoplast, or 
that the herbicide was adsorbed onto some component of the cell walls.
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Figure 6 . Microradioautographs showing the localization of radio­
activity in the roots of cotton plants grown in a 1.0 ppm 
C-San 6706 treatment solution for 96 hr. (A) Untreated 
root x 100. (B) Young root of treated plant showing high
levels of radioactivity at epidermis (ep), in cortical cell 
walls (cx) and the xylem (xy) x 100. (C) Older root
showing high concentrations of radioactivity in the lysigenous 
glands (g) and at the epidermis (ep) x 100. (D) Primary
root, showing branch root (br), disintergrating cortex 
(cx) and accumulation of radioactivity at the endodermis (en) 
x 50. (E) Juncture of xylem of tap root (trx) with xylem of
branch root (brx) x 250. (F) Higher magnification of xylem
of tap root, showing a high level of radioactivity x 400.
t^rx
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A similar movement through, the cortical cell walls was reported by 
Crafts (8 ) for monuron, and evidence for the movement of diuron and tri- 
fluralin in the apoplastwas presented by Strang and Rogers (44, 45). 
Essentially no radioactivity was observed in the phloem tissue of the 
young cotton root, while the tetrarch xylem was seen to be heavily labeled. 
In general, the xylem of the young roots was more heavily and uniformly 
labeled than that of older roots. It is well documented that the younger 
or apical portions of roots are the most active in absorption. Bollard 
(6 ) reported this region of a root to be the area of maximum water absorp­
tion. Geisbuhler £t ad. (18) reported that the apical part of plant 
roots was the major site of entry of the herbicide chloroxuron. Similarly 
Ketchersid et a_l. (27) and Hawxby et £1. (20) reported that trifluralin 
uptake was greater in lateral roots of peanuts than in the tap roots.
Figure 6 C shows a section through an older portion of a 
lateral root. The most striking feature of this section, in addition 
to the radioactivity at the epidermis, is the high concentration of 
radioactivity present in the lysigenous glands. These oil-containing 
glands are found scattered throughout the root, stem and leaves of 
the cotton plant. The accumulation is thought to represent a 
partitioning of the lipid-soluble herbicide into the oils in these 
glands. A similar accumulation of other lipid-soluble herbicides in 
the lysigenous glands has been reported (44, 45).
The microradioautograph of a tap root is presented in Figure 
6 D. In the tap root the endodermis appears to be fully developed 
and to restrict the movement of radioactivity to the stele. In many 
cases, the tissues exterior to the endodermis (i.e. the rest of the 
cortex and the epidermis) appeared to be degenerating and sloughing-off
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leaving the endodermis rather than the epidermis as the primary root 
tissue in contact with the external environment. The primary site 
of entry of radioactivity into the xylem of the tap root appeared to 
be via the xylem of lateral roots (Figure 6 D, 6 E ) . Much greater 
concentrations of radioactivity were present in the xylem tissue than in 
the surrounding tissues, indicating again that the translocation of San 
6706 occurred primarily in the apoplast (Figure 6 E, 6 F ) .
The microradioautographs of stem sections from l^C-San 6706- 
treated cotton plants are shown in Figure 7. Figure 7 B shows a 
general cross section of a stem from a treated plant, which is 
comparable to the untreated section in Figure 7 A. The significant 
accumulation of large quantities of radioactivity in the lysigenous 
glands is readily apparent. The level of radioactivity present in 
these glands appeared to be several hundred-fold greater than that 
present in the xylem, while essentially no radioactivity was observed 
in the phloem (Figure 7 C ) . A higher magnification of a heavily 
labeled lysigenous gland is shown in Figure 7 D. The level of 
radioactivity in all the tissues decreased with increasing distance 
from the roots.
In the cotton leaves (Figure 8), the trichomes (unicellular 
outgrowths of the epidermis) and the lysigenous glands were the major 
areas of concentration of radioactivity. Radioactivity was also present
at the leaf surfaces, particularly the upper surface, where the herbicide 
appeared to concentrate in the cuticle. This reflects both a move­
ment of the herbicide in the transpiration stream, and the lipid 
solubility of the compound. Only limited amounts of radioactivity 
were present in the palisade and spongy parenchyma tissue of 
the cotton leaf, which are the major photosynthetic areas of the leaf.
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Figure 7. Microradioautographs showing the localization of radio­
activity in the stem of cotton plants grown in a 1.0 ppm 
14C-San 6706 treatment solution for 96 hr. (A) Stem of 
untreated cotton plant x 50. (B) Stem of treated plant,
showing large accumulations of radioactivity in the 
lysigenous glands (g) x 50. (C) Section of stem, showing
the significantly greater accumulation of radioactivity in 
the lysigenous glands (g) as compared to the xylem (xy) 
and phloem (ph) tissues x 250. (D) Heavily labeled
lysigenous gland x 400.
r
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Figure 8 . Microradioautographs showing the localization of radio­
activity in the leaves of cotton plants grown in a 1.0 ppm 
C-San 6706 treatment solution for 96 hr. (A) Leaf of 
untreated plant x 50. (B) Leaf of treated plant, showing
high accumulations of radioactivity in the trichomes (tr) 
and cuticle (cu), and. only trace levels in the mesophyll 
x 50. (C) Higher magnification of a leaf section showing
the high levels of radioactivity in the trichomes (tr) 
and cuticle (cu) and only trace amounts in the mesophyll 
(msl) x 160. (D) Section of leaf showing higher levels
of radioactivity in a lysigenous gland (g) than in the 
mesophyll (msl) x 250.
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The microradioautographs obtained from l^C-San 6706-treated soy­
bean plants are shown in Figures 9, 10 and 11. Soybean roots appeared 
to contain as great or greater concentrations of radioactivity than did 
cotton roots. However, less of the radioactivity appeared to be 
adsorbed on the epidermis of the soybean root while higher concentrations 
were present in the xylem (Figure 9 B ) . The protoxylem of young roots 
was observed to be heavily labeled (Figure 9 C ) . As in the cotton 
plant, the primary site of entry to the tap root of soybean appeared 
to be through the connecting xylem tissue of lateral roots (Figure 
9 D and 9 E ) . The greatest accumulations of radioactivity in the 
xylem of the tap root occurred on the side adjacent to the juncture 
of the lateral and tap root xylem. The endodermis appeared to restrict 
penetration of the herbicide to the xylem of the tap root in regions 
where the xylem tissues of the two roots were not directly connected 
(Figure 9 F ) .
In the soybean stem (Figure 10) a general labeling of most 
tissues was apparent. An accumulation of radioactivity was noted at 
the epidermis, indicating a movement of the herbicide in the transpir­
ation stream (Figure 10 B and 10 C ) . The relatively high level of 
radioactivity in the xylem tissue is shown in Figure 10 D.
Much higher levels of radioactivity were present in the leaves 
of soybean (Figure 11) as compared to cotton. An accumulation of 
radioactivity was evident in the cuticle (Figure 11 B) in addition to 
high levels in the photosynthetic parenchyma tissues (Figure 11 C) .
The microradioautographs obtained from corn plants grown in 
^ C - S a n  6706 solutions are presented in Figures 12 and 13. Much lower 
levels of radioactivity were apparent in the root tissues of corn
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Figure 9. Microradioautographs showing the localization of radio­
activity in the roots of soybean plants grown in a 1.0 ppm 
l^C-San 6706 treatment solution for 96 hr. (A) Untreated 
root and branch root (br) x 100. (B) Treated root, showing
heavy labeling of the epidermis (ep), endodermis (en), and
the xylem (xy) x 100. (C) Stele of young root showing high
level of radioactivity in the xylem (xy) , as compared to 
the phloem (ph) x 250. (D) Tap root and branch root (br)
showing labeling in xylem x 50. (E) Juncture of xylem of
tap root with branch root x 100. (F) Buildup of radio­
activity at the endodermis (en) of tap root in region where 
there is no direct connection of the xylem of the tap and 
branch root x 250.
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Figure 10. Microradioautographs showing the localization of radio­
activity in the stem of soybean plants grown in a 1.0 ppm 
•^C-San 6706 treatment solution for 96 hr. (A) Transverse 
section of stem of untreated plant x 50. (B) Stem of
treated plant x 50. (C) Section of soybean stem showing
xylem (xy) , phloem (ph) and high levels of radioactivity 
at epidermis (ep) and in trichomes (tr) x 160. (D) Xylem
tissue of stem showing heavy accumulation of radioactivity 
x 450.
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Figure 11. Microradioautographs showing the localization of radio­
activity in the leaf of soybean plants grown in a 1.0 ppm 
l^C-San 6706 treatment solution for 96 hr. (A) Leaf of 
untreated plant x 50. (B) Young leaf of treated soybean
plant, showing radioactivity in mesophyll (msl) and cuticle 
(cu) x 50. (C) Older leaf of soybean plant, showing
higher levels of radioactivity in mesophyll (msl), trichomes 
(tr) and xylem (xy) x 50.
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(Figure 12) as compared to cotton and soybean. As was observed with 
cotton and soybeans, the herbicide appeared to be absorbed primarily
by the lateral roots and transported via the xylem to the primary roots
(Figure 12 B and 12 C ) .
The mesocotyl region of the corn plant represents a transition 
zone from root to stem. The microradioautographs of sections of this 
tissue (Figure 12 D and 12 E) showed the same distribution pattern as 
that exhibited in the root. The lateral or secondary roots were more 
heavily labeled than the mesocotyl from which they originated (Figure
12 D ) . The xylem tissue contained relatively large amounts of
radioactivity while the adjoining phloem tissue was essentially 
unlabeled (Figure 12 E).
Leaves of corn plants contained very high concentrations of 
radioactivity. Xylem tissue of the midrib and other leaf veins was 
heavily labeled, as was the photosynthetic mesophyll tissue (Figure
13 B and 13 C ) .
The data obtained from the radioautographs of treated plants, 
microradioautographs of sections of treated plants, and combustion of 
root and shoot segments of treated plants, indicate that very striking 
differences exist in the distribution of absorbed radioactivity in the 
three species investigated. The data showed that the majority of the 
radioactivity removed from the treatment solutions by cotton plants was 
retained in the roots. A significant fraction of this radioactivity 
appeared to be adsorbed on various root tissues (i.e. on the epidermis 
or cell walls of the cortex and endodermis) rather than being absorbed 
into the vascular system of the plant. Significant accumulations of 
radioactivity were noted in the lysigenous glands of the root, stem
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Figure 12. Microradioautographs showing the localization of radio­
activity in the roots and mesocotyl of corn plants grown 
in a l.Oppm l^C-San 6706 treatment solution for 96 hr.
(A) Untreated root x 100. (B) Treated root, showing
branch root (br) endodermis (en) and xylem (xy) x 1 0 0 .
(C) Low power magnification of a primary root showing 
branch root with labeled xylem (xy) x 25. (D) Mesocotyl 
and lateral root (br), showing phloem (ph) and xylem (xy) 
x 160. (E) High level of radioactivity in xylem (xy) of
mesocotyl as compared to the low levels of radioactivity 
in the phloem (ph) x 400.
V>*/\ -jJ
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Figure 13. Microradioautographs showing the localization of radio­
activity in the leaves of corn plants grown in a 1.0 ppm 
l^C-San 6706 treatment solution for 96 hr. (A) Leaf 
of untreated plant showing xylem (xy), phloem (ph) and 
mesophyll x 200. (B) Leaf of treated plant, showing
high levels of radioactivity in all tissues x 2 0 0 .
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and leaves of the cotton plant. This was postulated to be an important 
factor contributing to the lower levels of herbicide observed in the 
photosynthetic tissues of the relatively resistant cotton as compared 
to the very susceptible corn and soybean.
For a compound to exert a herbicidal effect on a plant it must 
either be applied to or be translocated to the site(s) in the plant 
where it exerts its phytotoxic effect. With preemergence herbicides such 
as San 6706 which are applied to the soil, and which act by inhibiting 
the photosynthetic process and the development of the photosynthetic 
pigments, the chemical much first be absorbed by the roots and moved 
to leaves of the plant. Thus the absorption and translocation of 
San 6706 by plants are obviously major factors in a consideration 
of the phytotoxicity of the herbicide. The observed differences in the 
absorption and, to a greater extent, translocation of San 6706 in 
tolerant cotton as compared to susceptible corn and soybean, appear 
significant enough to adequately explain the established differences 
in susceptibility of these species to the herbicide.
Metabolism
The important differences observed in the absorption and, to a 
greater extent, the translocation of San 6706 appeared sufficient to 
explain the differences in susceptibility between cotton and corn and 
soybean. However, a metabolic study was conducted to determine if 
differences in the ability of these species to degrade San 6706 were 
involved in the differential susceptibility of these species to the 
herbicide.
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While it has been widely reported in the literature that 
pyrazon is readily degraded in plants (12, 42, 43), the limited 
information on San 6706 suggested that little degradation of this 
herbicide occurs, even in tolerant species (22). However, Hilton et a l . 
(22) based this conclusion on data obtained using the Van Oorschot 
(32) technique, which provides only indirect information regarding 
metabolism of herbicides in plants.
Results of the metabolic study are shown in Figures 14, 15 and 
16, and Tables 3 and 4. The radioautographs obtained from chromato­
graphs of cotton extracts show that at all three treatment times the 
the majority of the radioactivity extracted from the cotton plant was 
intact San 6706 (Figure 14). A small quantity of the extracted 
radioactivity was present in the monomethyl fraction at each of the 
treatment times but more noticeably so at the 96 hr treatment time.
Trace amounts of the desmethyl derivative were present at 96 hr.
Both corn and soybean, in contrast to cotton, were able to 
readily degrade San 6706 to its mono- and desmethyl derivatives (Figures 
15 and 16). Significant quantities of the monomethyl and, to a lesser 
extent, desmethyl derivative were present after only 24 hr. The amount 
of radioactivity present in these fractions increased rapidly with 
increasing treatment times, while that in the intact herbicide fraction 
decreased. In the 96 hr corn and soybean extracts there were indications 
of trace amounts of two other radioactive metabolites, one located just 
below the desmethyl metabolite, and the other at the origin. However, 
they were apparent only in the benzene: ethanol solvent system, and 
their combined radioactivity amounted to less than 470 of the total 
radioactivity (Table 3).
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Figure 14. Radioautographs of thin-layer chromatograms of extracts of 
cotton plants grown for 24, 48 and 96 hr in l.Oppm ^ C - S a n  
6706 treatment solutions. (S-6706, San 6706; MM, monomethyl 
derivative; DM, desmethyl derivative; UNID, unidentified).
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Figure 15. Radioautographs of thin-layer chromatograms of extracts 
of corn plants grown for 24, 48 and 96 hr in 1.0 ppm 
C-San 6706 treatment solutions. (S-6706, San 6706;
MM, monomethyl derivative; DM, desmethyl derivative; 
UNID, unidentified.)
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Figure 16. Radioautographs of thin-layer chromatograms of extracts 
of soybean plants grown for 24, 48 and 96 hr in 1.0 ppm 
■^C-San 6706 treatment solutions. (S-6706, San 6706;
MM, monomethyl derivative; DM, desmethyl derivative; UNID, 
unidentified.)
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The possibility exists that other metabolites and/or greater 
quantities of the identified metabolites were formed at each treatment 
time, since the efficiency of the extraction procedure was less than 
100%. The percentage recovery data for the 24, 48 and 96 hr treatment 
times were 857,, 75% and 617,, respectively, for cotton; 97%, 927, and 
86%, respectively, f o r  c o r n ;  and 78%, 71% and 66%, respectively, for 
soybean. As reported earlier, several long-duration high-speed 
extractions of the plant material and the fibrous residues were 
essential for obtaining a high extraction efficiency. However, in 
preliminary experiments in which a much lower percentage of the absorbed 
radioactivity was recovered, the proportions of the metabolites in 
the extracts was practically identical to that obtained when a higher 
extraction efficiency was achieved. This would indicate that the 
data reported represents an accurate accounting of the metabolic 
degradation which occurs in the three species after 24, 48 and 96 hr.
Radioautography is a poor quantitative tool because of the 
limited difference in the quantity of radioactivity required to produce 
a faint image on the film and that required to completely blacken it .
For this reason, quantitative data from the metabolic study was obtained 
by removing and radioassying those segments of the chromatograms 
containing a l^C-labeled compound as indicated by the radioautographs. 
Results obtained with the benzene: ethanol solvent system (Table 3) and 
those from the chloroform: ethanol solvent system (Table 4) are 
essentially identical, and will therefore be discussed together.
These quantitative data serve to confirm the observations made 
from the qualitative radioautographic data. Little degradation of 
San 6706 was found to occur in the cotton plant while the herbicide was
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Table III. Distribution of Radioactivity among 14-C-Components of 
Chromotograms of Extracts of Plants Grown in 1.0 ppm 
14-C-San 6706 Treatment Solutions (Benzene: Ethanol 
(90:10) Solvent System).
Species
Treatment
Time
Quanitity of Radioactivity in Indicated
Fractions CL of Total Extracted)*
San 6706 Monomethyl Desmethyl Unidentified
Cotton 24 hr 94.2 f 4.7 a 0.5 a 0.6 a
48 hr 92.1 f 6.3 a 0.7 a 0.9 ab
96 hr 86.3 e 11.2 b 1.4 a 1.1 ab
Corn 24 hr 71.5 d 23.8 c 4.0 b 0.7 ab
48 hr 59.7 c 28.7 d 10.4 d 1.2 ab
96 hr 37.2 a 33.1 e 27.3 f 2.5 c
Soybean 24 hr 68.5 d 23.3 c 7.0 c 1.2 a
48 hr 58.3 c 28.2 d 11.5 d 2.0 be
96 hr 42.3 b 32.2 e 21.6 e 3.9 d
*Means, for each metabolite tested separately, which are followed by 
the same letter are not significantly different at the 57. level, 
according to Duncan's new multiple range test.
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Table IV. Distribution of Radioactivity among 14-c-Components of 
Chromotogfams of Extracts of Plants Grown in 1.0 ppm 
l^C-San 6706 Treatment Solutions. (Chloroform: 
Ethanol (95:5) Solvent System).
Species
Treatment
Time
Quantity of Radioactivity in Indicated
Fractions (70 of Total Extracted)*
San 6706 Monomethyl Desmethyl Unidentified
Cotton 24 hr 94.4 e 4.5 a 0.4 a 0.7 a
48 hr 92.1 de 6.2 a 0.7 a 1.0 a
96 hr 87.2 d 11.0 b 1.2 a 1.9 ab
Corn 24 hr 71.3 c 23.9 c 3.8 b 1.1 a
48 hr 59.6 b 28.5 d 10.4 d 1.5 a
96 hr 37.9 a 32.7 e 26.3 f 3.1 be
Soybean 24 hr 68.5 c 23.7 c 7.0 c 1.0 a
48 hr 58.3 b 28.2 d 11.6 d 2.0 ab
96 hr 40.7 a 33.2 e 22.1 e 4.1 c
*Means, for each metabolite tested separately, which are followed by 
the same letter are not significantly different at the 57. level, 
according to Duncan's new multiple range test.
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readily degraded by corn and soybean. After 24 hr approximately 94% 
of the radioactivity in the cotton extracts was present as the intact 
herbicide. Most of the remaining radioactivity (approximately 5%) 
chromatographed with the monomethyl derivative. After 24 hr in corn 
and soybean the approximate levels of the various fractions were 70%, as 
the intact herbicide, 23%, as the monomethyl derivative, and 5%, as the 
desmethyl derivative. At the 48 hr treatment time in cotton, the 
proportion of radioactivity chromatographing as the intact herbicide, 
the monomethyl and the desmethyl derivatives were 92%, 6%, and 1%, 
respectively. For corn and soybean the corresponding levels were 
approximately 59%, 28%, and 11%, respectively. After 96 hr, 86% of the 
radioactivity in the extracts of cotton plants chromotographed as the 
intact herbicide, with 11% in the monomethyl and 1.5% in the desmethyl 
fractions, respectively. In corn the ratio was 37%,:33%,:277,, while in 
soybean it was 41%:32%:22%,, for the intact herbicide, the monomethyl 
derivative and the desmethyl derivative, respectively.
At all treatment times the level of the intact herbicide in corn 
and soybean was significantly lower than that in cotton, while the 
levels of the monomethyl and desmethyl derivatives were significantly 
higher. There were no significant differences between corn and soybean 
in the levels of the intact San 6706 or the monomethyl derivative at 
any treatment time. However, significant differences were apparent in 
the amount of the desmethyl derivative present in these two species.
The soybean plant contained significantly greater quantities of this
metabolite than did corn at 24 hr, but significantly less at 96 hr.
This could be due to either a more rapid rate of degradation of the
desmethyl derivative to other unidentified metabolites in the soybean
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plant, or to a less rapid rate of degradation of the intact herbicide. 
However, it is also possible that the relatively small differences 
observed may bo. artifacts of the chromatographic procedure. Since the 
majority of the unidentified fraction of the radioactivity in all three 
species was retained at the origin, it could not be identified. However, 
it is possible that it might be an additional degradation product, or 
intact San 6706 and/or the mono- or desmethyl derivatives which might 
be bound to some plant residues retained at the origin.
Thus, the metabolic study indicates what while only very limited 
degradation of San 6706 occurs in the resistant cotton plant over a 
4-day treatment period, the two susceptible species, corn and soybean, 
appear able to readily degrade the herbicide to its mono- and desmethyl 
forms. There is some indication that further degradation to other 
unidentified metabolites could occur particularly in corn and soybean, 
with increasing treatment times. However, the observed degradation of 
San 6706 by corn and soybean does not represent a detoxification 
mechanism, as would be the case with many other herbicides. Smith and 
Sheets (41) reported that the cleavage of one or both N-methyl groups 
from monuron or diuron resulted in a loss of herbicidal activity.
However, the loss of the N-methyl group from San 6706 results in the 
formation of San 9789, which has a phytotoxicity at least equal to, if 
not greater than that of San 6706. The demethylated derivative has 
been reported to have a mode of action similar to that of pyrazon (22), 
although it is relatively non-phytotoxic.
Thus, the highly phytotoxic monomethyl derivative, i.e. San 9789, 
is the major metabolite present in extracts of the susceptible species 
at 24, 48 and 92 hr. This explains why the results of Hilton et al.
(22) led these workers to conclude that San 6706 was resistant to de­
gradation in the plant. Their assumption was based on the results 
obtained from the Van Oorschot technique (32), in which the ability of 
a plant to effect a recovery in the photosynthetic rate after removal 
of the herbicide solution bathing its roots, is used as a measure of 
a plant's ability to degrade a herbicide. While this technique will 
produce accurate data for herbicides such as pyrazon or the substituted 
phenylurea herbicides whose breakdown products are less phytotoxic than 
the parent coupound, it will lead to erroneous conclusions with herbicidas 
such as San 6706, whose major metabolite is at least as phytotoxic as 
the parent compound.
The limited ability of the tolerant cotton plant to metabolize 
San 6706 could be due either to an actual inability to rapidly degrade 
the herbicide, or to the limited translocation of San 6706 into the 
shoots of the plant, which could be the site of metabolic breakdown.
Whether the observed differences in the metabolism of San 6706 
by cotton, corn and soybean, have an influence on the species tolerance 
to the herbicide could not be fully determined from this investigation 
alone. The possibility exists that the primary degradation product of 
San 6706 (i.e. San 9789) is more phytotoxic than the parent herbicide, 
and/or due to its greater water solubility, is more readily translocated 
to the shoots of those plants capable of producing it, thus rendering 
the plants more susceptible. Another more remote possibility is that 
San 6706 itself is essentially non-phytotoxic, and that susceptibility 
to this herbicide depends upon the ability of a plant to degrade it to 
the phytotoxic San 9789. In such a case a plant (i.e. cotton) which 
lacks the ability to mediate this metabolism, would be tolerant of the
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herbicide. This mechanism is not without precedent, since the 
tolerance of soybean t o  2,4-DB (2,4-dichlorophenoxybutyric acid) is 
considered to be due to the slow conversion of this herbicide in 
legumes to phytotoxic 2,4D (2,4-dichlorophenoxyacetic acid), as 
compared to the rapid conversion which occurs in other more susceptible 
plant species.
A proposed scheme for the degradation of San 6706 is shown in 
Figure 17. It is apparent that this scheme is incomplete, but it 
presents the information concerning the degradation of this herbicide 
which was determined from this study.
Degradation in all three species investigated primarily involved 
N-demethylation, which has been demonstrated to be involved in the 
biological degradation of carbamate, s-triazine and substituted urea 
type herbicides (25, 38, 49). The most extensive work has been conducted 
with the carbamates. N-demethylation has been studied with mammalian 
liver microsomal systems, and is reported to be an oxidative, enzmatic 
reaction, which requires oxygen and NADFH. The reaction involves the 
formation of the N-hydroxymethyl intermediate. With amines, the 
hydroxymethlamine is unstable and decomposes to form the dealkylated 
amine and formaldehyde. However, with the N,N-dimethyl carbamates and 
the N-methyl carbamates this intermediate is slightly more stable and 
has been isolated (25, 49).
The effect of the rat liver microsomal system on several carbamates 
and substituted ureas was studied by Hodgson and Casida (18). These 
workers reported that all N,N-dimethylcarbamates yielded appreciable 
quantities of formaldehyde, while the N-methyl carbamates and N,N- 
dimethylphenylureas yielded only negligible quantities. These data
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Figure 17: Proposed pathway of San 6706 metabolism in cotton, corn
and soybeans.
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indicate that the successive cleavage of N-methyl groups either in the 
same herbicide of in different compounds, may require different enzyme 
systems.
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San 9789 Experiment
The absorption, translocation and metabolism of San 9789 was 
studied in a similar manner to that described for San 6706. This study 
was initiated after a decision had been made by Sandoz-Wander, Inc. to 
develop San 9789 for commercial use rather than San 6706. The same 
plant species were used and identical techniques were employed, with 
the exception that a microradioautographic study was not conducted, 
and the rate of herbicide application was 0.5 ppm as compared to the 
1.0 ppm rate used in the San 6706 investigation. The lower treatment 
rate was selected due to a limited supply of ^ C - S a n  9789, and also to 
the apparently greater phytotoxicity of San 9789 to the three species.
Absorption
The San 9789 absorption data for cotton, corn and soybean are 
shown in Table 5. These data indicate that the herbicide was absorbed 
by all three plant species, with the amount absorbed increasing signi­
ficantly with increasing treatment time. Soybean absorbed the greatest 
amount of herbicide at each of the three treatment times, followed 
by cotton and corn, respectively. The differences between species at 
each treatment time were significant at the 5% level of probability, 
with the exception of that between cotton and corn at 24 hr.
The observed differences in absorption between soybean and cotton 
appear to account in part for the greater sensitivity of soybean to 
San 9789. However, other factors must be important since corn, the 
most susceptible species, absorbed the least amount of herbicide on a 
per unit fresh weight basis.
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Table V. Absorption of ^ C  - San 9789 by Cotton, Corn 
Plants Grown in 0.5 ppm Treatment Solutions.
and Soybean
pg of Herbicide Absorbed per Gram of Plant Fresh Weight
Plant
Species
Treatment Time* 
24 hr 48 hr 96 hr
Cotton 2.04 ab 4.29 c 9.20 e
Corn 1.53 a 2.41 b 3.88 c
Soybean 3.91 c 7.16 d 12.74 f
*Means for treatment times which are followed by the same letter are 
not significantly different at the 5 %  level, according to Duncan's new 
multiple range test.
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Thus, these absorption data for San 9789 showed a similar trend 
to those reported for San 6706.
Translocation
The translocation patterns exhibited by the three plant species 
are shown in Figures 18, 19 and 20. The radioautographs obtained 
from the cotton plants indicate that after 24 hr radioactivity is present 
in both the roots and shoots, with the majority being located in the 
roots and lower stems of treated plants. An increase in radioactivity 
in both the roots and shoots is apparent at the 48 hr and 96 hr treat­
ment times. At both these treatment times a large fraction of the 
radioactivity present in the shoots appears to be accumulated in the 
lysigneous or pigment glands. The herbicide which accumulates in these 
glands is prevented from reaching photosynthetic areas of the leaves, 
where it exerts its phytotoxic action on the plant.
Figures 19 and 20 show the radioautographs obtained from ^C-San 
9789-treated corn and soybean plants, respectively. In both these 
species a uniform labeling of the entire plant is apparent after 24 hr.
A rapid increase in radioactivity, particularly in the shoots, is seen 
at the 48 and 96 hr treatment times.
The quantified distribution data, derived by the combustion of 
root and shoot segments of the respective species, are presented in 
Table 6. These data substantiate what may be observed from the radio­
autographs, namely that a significantly greater quantity of radio­
activity is present at each treatment time in the shoots of the 
susceptible corn and soybean plants than in the shoots of the tolerant 
cotton plant.
68
Figure 18. Distribution of radioactivity in cotton plants grown in 0.5 
ppm 14-C-San 9789 treatment solutions. (A) Cotton plant 
96 hr after treatment. (B) , (C) , (D) Radioautographs of 
cotton plants after 24, 48 and 96 hr, respectively.
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Figure 19. Distribution of radioactivity in corn plants grown in 0.5 
ppm l^C-San 9789 treatment solutions. (A) Corn plant 96 
hr after treatment. (B),(C),(D) Radioautographs of corn 
plants after 24, 48 and 96 hr, respectively.
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Figure 20. Distribution of radioactivity in soybean plants grown in 0.5 
ppm l^C-San 9789 treatment solutions. (A) Soybean plant 
96 hr after treatment. (B) , (C) , (D) Radioautographs of 
soybean plants after 24, 48 and 96 hr^ respectively.
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Table VI. Distribution of Absorbed Radioactivity in Roots and Shoots 
of Cotton, Corn and Soybean Plants Grown in 0.5 ppm 
l^C-San 9789 Treatment Solutions.
flg/g Dry Wt.a 7, of Absorbed Radioactivity^
Treatment Cotton Corn Soybean Cotton Corn Soybean
24 hr Root 58.4 12.5 34.2 60.6 25.4 31.6
24 hr Shoot 5.4 16.5 15.6 39.4 74.6 68.4
48 hr Root 67.0 16.7 73.6 40.1 20.6 27.4
48 hr Shoot 17.0 27.1 32.6 59.9 79.4 72.6
96 hr Root 148.7 25.7 61.0 43.0 18.0 16.1
96 hr Shoot 28.4 52.3 65.9 57.0 82.0 83.9
aLSD at 57, level of probability = 8.5 pg/g. 
^LSD at 57, level of probability = 3.17..
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The radioautographic data demonstrated that a large fraction of 
the radioactivity present in the shoots of the cotton plant was present 
in the lysigenous glands of the stems and leaves. Since the mode of 
action of San 9789 is thought to be similar to that of San 6706, and 
invloves both an affect on photosynthesis and on the photosynthetic 
pigments, the accumulation of the herbicide in these glands should 
reduce the concentration of the herbicide available to inhibit photo­
synthesis. These accumulations, together with the significantly less 
translocation of the herbicide to the shoots, appear to be important 
factors contributing to the tolerance of cotton San 9789.
In comparing the translocation of San 9789 in the three crops 
to that already reported for San 6706, it appeared that there was a 
more rapid movement of San 9789 to the shoots of all three species.
This difference was particularly noticeable in the cotton plant. The 
concentration of radioactivity in the shoots of San 9789-treated cotton 
plants was higher than the levels recorded in San 6706-treated plants, 
although the rate of application of San 9789 was one half that of San 
6706. The apparently more rapid translocation of San 9789 into the 
shoots of the three species, as evidenced by the higher percentages of 
radioactivity present in the shoots at all treatment times, resulted in 
a somewhat greater sensitivity of all species to San 9789 as compared 
to San 6706. This was reflected by the earlier appearance of toxicity 
symptoms in each species. The difference was most noticeable in the 
cotton plant where chlorotic symptoms were apparent in the San 9789- 
treated plants at 96 hr, at which time the San 6706-treated plants 
exhibited no symptoms.
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To determine whether the apparent differences in the transloca­
tion patterns of San 9789 and San 6706 were statistically significant, 
a San 6706 vs San 9789 comparison study was later initiated.
Metabolism
The metabolic degradation of San 9789 in cotton, corn and 
soybean was studied using the same techniques and solvent systems 
employed in the San 6706 work. The extraction efficiencies were similar 
to those obtained with San 6706. The radioautographs, obtained by 
exposing the chromatograms developed in the benzene: ethanol and chloro­
form: ethanol solvent systems to X-ray film for four weeks, are shown 
in Figures 21, 22 and 23.
The radioautographic data obtained from the cotton extracts 
(Figure 21) indicate that only limited degradation of San 9789 
occurred in the cotton plant. At each treatment time the vast majority 
of the radioactivity appeared to be present as the intact herbicide. 
Limited quantities of the desmethyl derivative were present at each 
treatment time. At 96 hr there appeared to be trace amounts of at 
least two additional radioactive metabolites which were not identified.
The radioautographs of extracts of treated corn and soybean 
plants (Figure 22 and 23) indicate that both these species metabolized 
San 9789 to a greater extent than did cotton. Appreciable quantities of 
the desmethyl derivative were present in both corn and soybean at 24 hr. 
The quantity of this metabolite increased rapidly with increasing treat­
ment time, and after 96 hr it appeared to be present in concentrations 
equal to that of the intact San 9789.
Figure 21. Radioautographs of thin-layer chromatograms of extracts 
cotton plants grown for 24, 48 and 96 hr in 0.5 ppm 
l^C-San 9789 treatment solutions. (S-9789, San 9789; DM 
desmethyl derivative; UNID., unidentified).
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Figure 22. Radioautographs of thin-layer chromatograms of extracts 
of corn plants grown for 24, 48 and 96 hr in 0.5 ppm 
l^C-San 9789 treatment solutions. (S-9789, San 9789; 
DM, desmethyl derivative; UNID., unidentified).
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Figure 23. Radioautographs of thin-layer chromatograms of extracts 
of soybean plants grown for 24, 48 and 96 hr in 0.5 ppm 
i^C-San 9789 treatment solutions. (S-9789, San 9789; 
DM, desmethyl derivative; UNID., DF, unidentified).
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The radioautographic data suggested that neither cotton, corn nor 
soybean was able to readily degrade San 9789 further than the desmethyl 
derivative. While degradation to this metabolite was limited in the 
cotton plant, it occurred quite rapidly in both corn and soybean. How­
ever, only relatively small amounts of o t h e r  radioactive degradation 
products were visible at 96 hr in corn and soybean. In corn, the 
majority of the unidentified radioactivity remained at the origin of 
the chromatograms. In soybean, in addition to the unidentified fraction 
at the origin, there was evidence of trace amounts of an additional 
radioactive metabolite which moved with the solvent front. However, 
the majority of the unidentified fraction appeared to remain at the 
origin. It is difficult to tentatively identify any metabolite which 
remains at the origin or which moves with the solvent front, since 
several different compounds may behave in like manner. One can 
speculate that those metabolites which remained at the origin in the 
solvent systems used were highly polar in nature, such as hydroxylated, 
carboxylated or conjugated materials.
The quantitative metabolic data indicate that in cotton at 24 
and 48 hr, over 937, of the total radioactivity extracted was present in 
the f o m  of intact San 9789 (Table 7). The majority of the remaining 
radioactivity chromatographed with the desmethyl derivative. At 96 hr, 
approximately 887, of the radioactivity chromotographed as the intact 
herbicide, while only 77, chromotographed as the desmethyl metabolite. 
Only 57o of the total radioactivity in the 96 hr cotton extracts was 
unidentified.
In the corn plant the level of intact San 9789 decreased rapidly 
from 757, at 24 hr to 567. and 427, at 48 and 96 hr, respecitively. At 24,
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Table VII. Distribution of Radioactivity among ^^C-Components of 
Chromotograms of Extracts of Plants Grown in 0.5 ppm 
i^C-San 9789 Treatment Solutions. (Benzene: Ethanol 
(90:10) Solvent System).
Quantity of Radioactivity in Indicated 
Fractions (% of Total Extracted)*
Treatment
Species Time San 9789 Desmethyl Unidentified
Cotton 24 hr 96.6 h 2.5 a 0.9 a
48 hr 93.6 g 4.2 a 2.2 a
96 hr 87.6 f 7.4 b 5.0 b
Corn 24 hr 75.1 e 18.4 c 6.5 be
48 hr 56 .0 c 35.4 e 8.6 c
96 hr 41.1 a 46.1 f 12.8 d
Soybean 24 hr 74.8 e 19.6 c 5.6 d
48 hr 62.5 d 29.0 d 8.5 c
96 hr 48.5 b 38.1 e 13.5 d
*Means, for each metabolite tested separately, which are followed by 
the same letter, are not significantly different at the 5% level, 
according to Duncan's new multiple range test.
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48 and 96 hr the levels of the desmethyl derivative were 18%, 35%
and 46%, while those of the unidentified fraction were 7%, 9% and 13%,
respectively.
Soybean was also found to rapidly degrade San 9789 to the desmethyl 
derivative. However, the rate of degradation was somewhat slower than 
that which occurred in corn, since significantly greater amounts of the 
intact herbicide were present in the soybean extracts at 48 and 96 hr.
The proportions of the San 9789: desmethyl: unidentified fractions in 
soybean extracts were 75%:20%:5% at 24 hr, 63%:29%:8% at 48 hr, and 
49%:38%:13% at 96 hr.
The San 9789 metabolic data indicate that the degradation of this 
herbicide occurs more rapidly in corn and soybean than it does in cotton. 
However, in all three species the pathway of degradation appears to be 
similar. In comparing these data with the San 6706 data it is apparent 
that the same metabolic pathway and approximate rate of breakdown is 
common to both herbicides.
Since no striking differences were observed between the metabolism 
of San 6706 and San 9789, the metabolic study was eliminated from the 
later experiments which compared the two herbicides within each species 
of test plants.
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San 6706 vs San 9789 Comparison 
Study
The San 6706 vs San 9789 comparison study was initiated to de­
termine whether the observed differences in the movement of the two 
herbicides in cotton, corn and soybean were statistically significant.
A valid comparison of the data from the San 6706 and San 9789 experi­
ments could not be made due to differences in the rates of application 
of the herbicides and to differences in the size of the plants used in 
conducting the experiments. The experiment was designed to compare the 
absorption and translocation of the two herbicides within each of the 
three species. The plants used in all treatments were carefully se­
lected for uniformity. Identical 0.5 ppm rates of application of the 
herbicides were employed. In the corn and the soybean studies there 
were four replications of each of the 24, 48 and 96 hr treatment times 
for each herbicide, with four plants comprising a replication. In the 
cotton study a 192 hr (8 days) treatment time was added.
Absorption
The absorption data for cotton, corn and soybean are shown in 
Table 8. These results indicate that both cotton and soybean absorbed 
significantly greater quantities of San 6706 than of San 9789 at all 
treatment times. In corn, there was no significant difference between 
the amounts of San 6706 and San 9789 absorbed, although the uptake of 
San 6706 was slightly greater at each treatment time.
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Table VIII. Absorption of - San 6706 and - San 9789 from
0.5ppm Treatment Solutions by Cotton, Corn and Soybeans.
Ug of Herbicide Absorbed per Gram of
Fresh Weight 
Treatment Time*
Species Herbicide 24 hr 48 hr 96 hr 192 hr
Cotton San 6706 4.05 b 7.25 d 9.20 e 8.35 e
San 9789 2.63 a 4.83 b 5.80 c 6.95 d
Corn San 6706 1.63 a 4.00 b 6.47 c —
San 9789 1.23 a 3.93 b 6.37 c --
Soybean San 6706 4.03 b 8.33 d 15.50 f --
San 9789 2.67 a 6.90 c 11.87 e --
*Means for treatment times within a given plant species followed by the 
same letter are not significantly different at the 5% level according 
to Duncan's new multiple range test.
82
Trans location
(i) Radioautography:
The results of the translocation study are shown in Figures 24, 
25, 26 and 27, and in Tables 9, 10 and 11. Radioautographs were 
obtained only from the cotton plants, since the San 6706 and the San 
9789 experiments indicated that the greatest differences in the 
behavior of the two herbicides occurred in this species.
The radioautographic evidence for cotton indicates that at 
all four treatment times a greater amount of radioactivity was present 
in the shoots of the San 9789-treated plants than in the shoots of 
San 6706-treated plants. This difference was especially noticable at 
the 96 and 192 hr treatment times. At all treatment times the roots 
of the San 6706-treated plants appeared to contain a greater concen­
tration of radioactivity than did the roots of the San 9789-treated 
plants. High concentrations of radioactivity in the lysigenous glands 
of the stem and leaves were observed in both San 6706 and San 9789- 
treated plants.
(ii) Combustion:
The quantitative translocation data obtained by combustion of 
root and shoot tissues of cotton, corn and soybean are shown in 
Tables 9, 10 and 11, respectively.
These data indicate that at all treatment times there were 
higher concentrations of radioactivity in the roots of San 6706- 
treated cotton, corn and soybean plants than in the roots of San 9789- 
treated plants. Conversely, the San 9789-treated plants contained 
higher levels of radioactivity in their shoots than did San 6706- 
treated plants, at each treatment time.
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Figure 24. Distribution of radioactivity in cotton plants grown in 
0.5ppm C-San 6706 and l^C-San 9789 treatment solutions 
for 24 hours. Upper: plant mounts; Lower: radioautographs.
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Figure 25. Distribution of radioactivity in cotton plants grown in 
0.5ppm ^ C - S a n  6706 and -*-^C-San 9789 treatment solutions 
for 48 hours. Upper: plant mounts; Lower:
radioautographs.
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Figure 26. Distribution of radioactivity in cotton plants grown in 
0.5ppm C-San 6706 and ^C- 9789 treatment solutions 
for 96 hours. Upper: plant mounts; Lower:
radioautographs.
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Figure 27. Distribution of radioactivity in cotton plants grown in
0.5ppm l^C-San 6706 and l^C-San 9789 treatment solutions 
for 192 hours. Upper: plant mounts; Lower:
radioautographs.
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Table IX. Distribution of Absorbed Radioactivity in Roots and Shoots
of Cotton Plants Grown in 0.5 ppm l^C-San 9789 Treatment
Solutions.
|te./g Dry Wt.a 7, of Absorbed Radioactivity*
Treatment San 6706 San 9789 San 6706 San 9789
24 hr Root 25.9 17.9 84.6 78.7
24 hr Shoot 0.7 0.8 15.4 21.3
48 hr Root 48.6 27.8 83.9 68.8
48 hr Shoot 1.9 2.3 16.1 31.2
96 hr Root 51.8 22.7 63.5 32.3
96 hr Shoot 7.3 12.7 36.5 67.7
192 hr Root 66.9 44.8 38.5 22.5
192 hr Shoot 27.5 39.0 61.5 77.5
aLSD at 57o level of probability = 3.6 pg/g. 
^LSD at 57, level of probability = 3.07.
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Table X. Distribution of Absorbed Radioactivity in Roots and Shoots
of Corn Plants Grown in 0.5 ppm l^C-San 9789 Treatment
Solutions.
p%/g Dry Wt.3 % of Absorbed Radioactivity^
Treatment 
24 hr Root 
24 hr Shoot
48 hr Root 
48 hr Shoot
96 hr Root 
96 hr Shoot
San 6706 
21.7
17.0
22.0 
33.6
27.3
59.5
San 9789
15.6
20.6
17.5
45.3
21.6
73.2
San 6706
37.6
62.4
22.9
77.1
18.3
81.7
San 9789
25.1
74.9
15.3
84.7
11.2
88.8
aLSD at 5% level of probability = 2 . 8  pg/g. 
^LSD at 5 %  level of probability = 1.8%.
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Table XI. Distribution of Absorbed Radioactivity in Roots and Shoots
of Soybean Plants Grown in 0.5 ppm l^C-San 6706 or I4c-San
9789 Treatment Solutions.
Hg/g Dry Wt.a /1 of Absorbed Radioactivity^
Treatment
r
San 6706 San 9789 San 6706 San 9789
24 hr Root 41.2 26.3 74.0 58.0
24 hr Shoot 13.0 15.3 26.0 42.0
48 hr Root 70.9 54.9 64.5 45.7
48 hr Shoot 19.3 32.0 35.5 54.3
96 hr Root 81.7 68.3 52.7 28.7
96 hr Shoot 29.3 47.3 47.3 71.3
aLSD at 57. level of probability = 3.6 jig/g. 
^LSD at 5% level of probability = 5.87°.
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In cotton, the concentration of San 6706 in roots was signifi­
cantly higher at each treatment time than the levels found in the roots 
of San 9789-treated plants. The concentration of radioactivity found 
in the shoots of the San 9789-treated cotton plants was significantly 
greater than that present in the shoots of San 6706-treated plants at 
the 96 and 192 hr treatment times.
In corn and soybean, the San 6706-treated plants contained 
significantly greater concentrations of radioactivity in their roots, 
at all treatment times, than did San 9789-treated plants. The reverse 
was true for the radioactivity levels in shoot tissue, where the San 
9789-treated plants were observed to contain significantly greater 
amounts than did the plants treated with San 6706.
These same trends were apparent also from the percentage 
distribution data, where all San 6706 and San 9789 comparisons 
showed significant differences, for each of the three species used.
The greater retention of San 6706 as compared to San 9789 in 
the root tissue of cotton, corn and soybeans, is probably directly 
attributable to the lower water solubility of San 6706. The low water 
solubility of San 6706, together with the high lipid contents of 
cotton and soybeans (23), probably account for the significantly 
greater uptake of San 6706 as compared to San 9789 by these two species. 
The microradioautographic data in the San 6706 study indicate that a 
large fraction of the herbicide removed from the treatment solutions 
was actually adsorbed (i.e. on components of the epidermis, cortex 
and endodermis) rather than being absorbed into the conducting tissues 
of these plants. This was particularly noticeable in the case of 
cotton. The lower lipid content of cereals (23) may be responsible
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for the limited differences observed in the absorption and translocation 
of San 6706 as compared to San 9789 in the corn plant.
The more rapid translocation of San 9789 into the shoots of all 
three species is probably due to the greater water solubility of this 
herbicide as compared to San 6706. The pyridazinone group of herbicides 
is known to be transported primarily in the xylem (16, 42), a fact 
supported by the San 6706 microradioautographic study. Thus, the four­
fold greater water solubility of San 9789 over San 6706 should result 
in a more rapid translocation of San 9789 in the transpiration stream 
of the xylem.
The more rapid accumulation of toxic levels of San 9789 in the 
shoots of cotton, corn and soybean was reflected by the earlier appear­
ance of chlorosis in the San 9789-treated plants as compared to the 
San 6706-treated plants (Figures 28, 29 and 30). Although only slight 
differences in the degree of symptom expression were observed in corn 
and soybean, the differences were readily apparent in the cotton plant 
at the 192 hr treatment time. The leaves of cotton plants grown in 
San 6706 treatment solutions exhibited very limited chlorosis, predom­
inantly along the leaf midrib and other large veins, at the 192 hr 
treatment time. In contrast, the San 9789-treated plants exhibited 
acute toxicity symptoms at this treatment time. The symptoms included 
severe chlorosis, necrosis and wilting of the older leaves. In most 
cases necrosis appeared first in the leaf tissues surrounding the 
lysigenous glands (Figure 28 B). This was apparantly due to the large 
amounts of radioactivity concentrated in these regions, as was indi­
cated by the gross and microradioautographic data of this and the 
previously reported experiments.
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Figure 28. (A) Effects of San 6706 and San 9789 on cotton plants grown
in 0.5ppm treatment solutions for 192 hours. (B) Necrotic 
spots surrounding lysigenous glands on leaf of cotton 
plant grown in a 0.5ppm San 9789 solution for 192 hours.
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Figure 29. Effects of San 6706 and San 9789 on corn plants grown 
in 0.5ppm treatment solutions for 24, 48 and 96 hours.
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Figure 30. Effects of San 6706 and San 9789 on soybean plants grown 
in 0.5ppm treatment solutions for 24, 48 and 96 hours.
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The San 6706 vs San 9789 comparison study demonstrated that sig­
nificantly greater amounts of San 9789 are translocated into the shoots 
of cotton, corn and soybeans. While corn and soybean accumulated toxic 
levels of both San 6706 and San 9789 at 96 hr, the San 9789-treated 
cotton plants only exhibited minor chlorotic symptoms at this treat­
ment time. However, at the 192 hr treatment time there were striking 
differences in the effects of San 6706 and San 9789 on cotton.
The lesser tolerance of cotton to San 9789 as compared to San 
6706 may be reflected in a lower margin of safety in field applica­
tions of San 9789. However, since the indications are that it is 
more phytotoxic than San 6706 to all species it is likely that lower 
rates of San 9789 may provide acceptable weed control.
V. SUMMARY
San 6706 and San 9789 are the newest members of the pyridazinone 
group of herbicides, of which pyrazon is the best known member. San 
6706 and San 9789 differ from pyrazon in that they have trifluoro- 
methyl substitution on the phenyl ring and a dimethyl and methyl sub­
stitution, respectively, on the amine group. These additional substi­
tutions are reported to give the herbicides a unique double mode of 
action, involving both an effect on the photosynthetic process itself 
and on the formation of the photosynthetic pigments. In preliminary 
screening trials, San 6706 and San 9789 were shown to have a potential 
for use as preemergence herbicides in cotton. Thus, it seemed desirable 
to investigate the absorption, translocation and metabolism of these 
herbicides by cotton (tolerant), corn (very susceptible) and soybean 
(moderately susceptible), in order to explain the different tolerance 
levels exhibited. An understanding of the behavior of the compounds 
in plants should contribute to the intelligent utilization of these 
interesting new herbicides.
The absorption studies indicated that soybean absorbed signifi­
cantly greater quantities of ^ C - S a n  6706 and ^ C - S a n  9789 than did 
cotton, which probably contributed to the greater susceptibility of 
soybean as compared to cotton. However, these studies indicated that 
other factors were also important in determining the selectivity of 
various species to the herbicides since corn, the most susceptible 
species, absorbed significantly lower quantities of the herbicides 
than either cotton or soybean.
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The translocation studies indicated that there were marked dif­
ferences in the trans location pattern of ^ C - S a n  6706 or ^ C - S a n  9789 
in the tolerant cotton as compared to the susceptible corn and soybean.
In cotton, the majority of the absorbed San 6706 and San 97 8 9 was 
retained in the roots of the treated plants, as was indicated by the 
radioautographs. The microradioautographic study conducted with San 
6706 indicated that a significant fraction of the radioactivity 
removed from the treatment solutions appeared to be adsorbed or bound 
on the root epidermis and other cellular constituents, rather than 
being absorbed into the conductive tissues of the stele of the 
cotton plant. Large accumulations of radioactivity were observed in 
the lysigenous glands which were scattered throughout the cortex of 
the root.
The major means of entry of the radioactivity into the xylem of 
the primary roots of all species appeared to be via the xylem of 
younger branch roots. Penetration of the herbicide to the xylem 
of the young roots was postulated to occur primarily via the apoplast 
( i.e. the cell walls of the cortex) to the stele, in regions of these 
roots' in which the endodermis was not yect an effective barrier. The 
microradioautographic data suggested that little direct penetration 
of radioactivity to the xylem of the primary root occurred, since the 
well developed endodermis appeared to act as a barrier.
A large quantity of the limited amount of radioactivity which 
was translocated to the shoots of cotton, was observed in both grross 
and microradioautographic studies to be concentrated in the lysigenous 
glands of the stem and leaves. This accumulation was postulated to 
be an important factor in limiting the amount of herbicide which
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reached the photosynthetic tissues of the leaves. Much greater concen­
tration of radioactivity were observed in the shoots of the suscep­
tible corn and soybean as compared to the shoots of cotton. This 
significant difference is thought to be a major factor in explaining 
the observed differences in the tolerance of cotton, corn and soybean 
to San 6706 and San 9789.
The metabolic studies demonstrated that little degradation of ^ C -  
San 6706 or l^C-San 9789 occurred in the cotton plant up to a treatment 
time of 96 hr. However, corn and soybean were observed to readily 
degrade these herbicides by a process of N-demethylation. Only a limited 
degradation of San 6706 or San 9789 past the desmethyl derivative occurred 
in corn and soybean during the period of the experiment.
The observed ability of the susceptible species to degrade San 
6706 and San 9789 did not provide these species with a tolerance to the
herbicides. The degradation of San 6706 resulted in the formation of the
equally phytotoxic monomethyl derivative (i.e. San 9789). The rapid 
translocation of San 9789 to the shoots apparently resulted in an accumu­
lation of toxic levels of the herbicide despite its relatively rapid 
breakdown to the essentially non-phytotoxic desmethyl derivative.
The study comparing San 6706 with San 9789 indicated that al­
though greater quantities of San 6706 were absorbed by each species (the 
differences being significant in the case of cotton and soybean), the 
San 9789 was translocated into the shoots of all species in significant­
ly greater quantities. The more rapid translocation of San 9789 was 
attributed to its water solubility being four times that of San 6706.
The higher concentrations of San 9789 in the shoots of all 
three species resulted in the more rapid development of toxicity
symptoms in the San 9789-treated plants as compared to the San 6706- 
treated plants. In field applications of the herbicides, the greater 
phytotoxicity of San 9789 may result in a lesser margin of safety 
among tolerant and susceptible species than that obtained with San 
6706. However, rates of application of San 9789 which are lower 
than those required with San 6706 should provide adequate weed 
control with acceptable crop selectivity.
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